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Foreword by Campus Director 
 

Green and renewable energy are the significant attributes for Malaysia in 

reducing the global carbon emission to the environment. In-line with the United 

Nations Sustainable Development (SD) Goal no. 13 which highlights the needs 

of developing countries to both adapt to climate change and invest in low-carbon 

development, green and renewable energy not only promotes cleaner 

environment but also improves public health by reducing air and water pollution 

emitted by non-green energy resources.   

This conference serves as a good platform for experienced as well as young researchers to share and 

explore related research work and innovations particularly in the field of green and renewable 

energy. The main focus of this conference is on four key areas of renewable energy, ranging from 

biomass, biogas and solid waste energy, solar and wind energy, hydro energy as well as alternative 

fuel (biodiesel and hydrogen). The well-diversified topics display that the theme of the conference 

“Current Status and Future of Renewable Energy” is very much reflected. The sharing session 

by keynote speakers renowned in their respective field, is yet another hallmark of this conference. 

I would like to take this opportunity to congratulate the Organising Committee of Green 2020 for 

their tremendous efforts in bring this international event to new heights. The fruitful engagement, 

debate and collaboration among the Government, NGOs, Industries, Universities and Research 

Institutes during the entire conference session is certainly an important element for promoting green 

and renewable energy both in Malaysia as well as in the international arena. 

I wish you a very successful conference. 

Thank you. 

 

 

Professor Dr Bujang B. K. Huat 

Campus Director 

Universiti Putra Malaysia Bintulu Sarawak Campus (UPMKB) 
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Foreword of Chief Editor 

 
Dear Authors and esteemed readers, 

On the behalf of the organising committee, it gives me great pleasure to extend a 

warm welcome to all presenters and participants to the Green International 

Conference Webinar, August 18 - 19, 2020. 

Due to the overwhelming response GREEN conference is extended to two days 

with presenters from England, Iraq, Japan, Nigeria, the Philippines, Singapore 

and our comrades from Peninsular Malaysia as well as Sabah and Sarawak; to spend 

two precious days on enlightening latest updates on green and renewable energy.  Topics covered 

are Biomass and Solid Waste Energy, Solar and Wind Energy, Hydro and Tidal Energy, Alternative 

Fuel (Biodiesel and Hydrogen) and Policy and Social Needs.  

The committee is also honoured to present four prominent keynote speakers namely Prof. Dato’ Dr. 

Mohd Ali Hassan (Universiti Putra Malaysia) who speaks about current status and prospects of 

biomass, Mr. James Ung (CEO Sarawak Energy)who presents renewable hydropower- Catalyst for 

Growth, Dr. Ng Sing Muk (General Manager Research and Development Sarawak Energy) to share 

overview on renewables for distributed power solution and Prof. Ir. Dr. Nor Mariah Adam 

(Universiti Putra Malaysia) to share the potential of gas turbine using sheep fat biodiesel enhanced 

with plasmatron and fuel atomization using sonic waves atomiser.  

We thank all authors and participants for their contributions. 

 

Professor Ir. Dr. Nor Mariah Adam 
Conference Chair 
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Foreword by Editor-in-Chief 
 

Greetings! 

It is a great pleasure for me to welcome you to the e-Proceedings issue of The 

International e-Conference on Green & Renewable Energy 2020 (GREEN 2020). 

This issue mainly highlights the importance of renewable energy especially on the 

impacts towards a sustainable environment through reduction of the carbon 

footprint.     

The e-conference was conducted for two days back to back between 18th and 

19th August 2020 and was a resounding success, with a large number of 

submissions from different participants’ from different backgrounds and expertise. Hence the 

selected submissions for this issue will hopefully shed new light upon the complexities of the five keys 

renewable energy facets; Biomass, biogas and solid waste energy, Solar and wind energy, Hydro and 

tidal energy, Alternative fuels (biodiesel and hydrogen) and Policy and social needs.  

On behalf of the editorial board to which I eternally grateful, I congratulate all those who contributed 

to successfully completing this first edition of the e-Proceedings of The International e-Conference 

on Green & Renewable Energy 2020 (GREEN 2020) and I look forward to future intellectual 

contributions. 

Thank you for your interest in reading the papers published here. 

 

Dr. Juniza Md Saad 
Editor-in-Chief 
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BIODIESEL PRODUCTION FROM CRUDE KARANJA OIL USING 
HETEROGENOUS CATALYST FROM SEASHELLS 

 
A.A. Saleh1, H. Dewi1 and H. Sinin1 

 
1Department of Mechanical and Manufacturing Engineering, Universiti Malaysia Sarawak 

94300 Kota Samarahan, Sarawak, Malaysia. 
*Email: aasaleh@unimas.my 

Phone: +6082583299; Fax: +6082583410 
 
 

ABSTRACT 
 
Gradual depletion of the world’s petroleum reserves and impact of environmental pollution 
caused by combustion of fossil fuel, the search for substantial alternative energy resources such as 
biodiesel has gained importance. Biodiesel is a green fuel derived from plant oils or animal fats 
and consisting of long-chain fatty acid esters. In this study active calcium oxide catalyst was 
synthesized from Meretrix Lyrata (M.Lyrata) following calcination-hydration-dehydration 
technique. The catalytic feasibility of synthesized CaO was investigated in production of Karanja 
methyl ester (KME) from crude Karanja oil (CKO). KME was synthesized through esterification 

using 𝐻2𝑆𝑂4 followed by transesterification utilizing CaO in a two-step reaction process of CKO 

and methanol. The M.Lyrata shells were calcined at 900℃ and the catalyst samples were 
characterized by using FTIR, SEM, PSA, and BET-BJH spectrographic techniques. A maximum 
FAME conversion of 97.3% was obtained at optimum reaction conditions include methanol to oil 

ratio of 12:1, catalyst concentration of 2% wt, reaction temperature of 58 ℃ and reaction time 
of 2 h. In comparative study with the commercial CaO, M.Lyrata showed a higher catalytic 
activity. The catalyst reusability experiments ascertain reusability of CaO up to four reuse cycles 
had shown good efficiency. The economic comparative study confirms that CaO derived from 
M.Lyrata can be used as an alternative and feasible catalyst for the biodiesel production. The KME 
fuel properties were comply according to EN-14214 biodiesel fuel standards.  
 
Keywords: Seashells, heterogenous catalyst, transesterification, Karanja biodiesel, 
Spectroscopy. 
 
 

INTRODUCTION 
 
Biodiesel, also known as fatty acid methyl ester (FAME) or fatty acid ethyl ester (FAEE) can be 
obtained from vegetable oils or animal fats [1]. The rapid depleting of fossil fuel, demand of engine 
fuels that has growing tremendously and unpredictable in the availability lead to be the crucial 
factor to explore  on alternative renewable fuel sources that able to supplement fossil fuels[2]–
[4]. In recent years, biodiesel had shown exciting potential and receiving worldwide attention 
where it is known as a substitute for petro-based diesel fuel. Biodiesel has been known for its 
sustainability, non-toxic, biodegradability, less gaseous pollutant emissions and easy usability as 
fuel to be used in conventional diesel engines without any major modifications as compared to 
petroleum diesel[5]. Production of biodiesel was over 5 billion gallons in 2010. 
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Transesterification is considered to be the most reliable method for biodiesel production using 
vegetable oil feedstocks [6]. There are several types of catalysts are used for biodiesel production 
via transesterification reaction such as homogenous catalyst, heterogeneous catalyst and certain 
enzymes [7]–[9]. Usually KOH or NaOH are frequently being used as base homogenous catalyst 
as the reaction rate is relatively fast [10], [11]. Unfortunately, the using of homogenous catalyst 
cause a high volume of wastewater discharged during the purification or washing step of biodiesel 
in order to remove the residual catalyst present. This will result in water contamination as well 
as increase the cost on water treatment plants. The used catalyst from the reaction are cannot be 
recovered and reutilized backed into the process. Severe problems might arise such as formation 
of soap during transesterification which is caused by the presence of large amount of FFA content 
in vegetable oil. This will cause decreasing in catalytic efficiency [12]–[14]. Contrary to 
homogenous catalyst, heterogeneous catalyst have a great number of benefits. For instance, 
utilization of heterogeneous catalyst easily separable from biodiesel product and recyclable. This 
lead to economical way for biodiesel production by reducing the consumption of wastewaters and 
can be reuse for next transesterification [15]. In the recent times, research studies on using 
calcium oxide (CaO) as a heterogeneous catalyst have been carried out owing to its low cost [16], 
[17] and high basicity [18]. Additionally, CaO is readily availability in nature, and can be derived 
from natural waste materials such seashell, rice husk, egg shell, mussel shell and chicken bones 
make the production of biodiesel more cost effective. Moreover, due to its low stability, non-
toxic and high basic properties in biodiesel [19]–[21] CaO is a promising heterogeneous catalyst 
for biodiesel production. Present research focuses of synthesis of active CaO catalyst using locally 
available waste seashells as a raw material. An economically feasible laboratory scale synthesis 
technique, calcination-hydration-dehydration is adopted in CaO synthesis. Newly synthesized 
catalyst samples were characterized using FTIR, SEM, PSA, and BET-BJH spectrographic 
techniques. KME production was experimented with newly synthesized active CaO using two-
step transesterification protocol. The biofuel properties are characterized according to EN 
14214/ASTM biodiesel standards. 

 
 

METHODS AND MATERIALS 
 
Materials 
The crude Karanja oil (CKO) was extracted from their seeds using soxhlet apparatus and 
mechanical expeller. According to Mahanta and Shrivastava, soxhlet apparatus yields better 
quality and amount of vegetable oils[22]. The experimental data revealed that acid value and 
saponification value for CKO as 5.06 mg KOH/mg and 187 mg KOH/mg respectively [23]. The 

laboratory grade chemicals that include methanol (MeOH; >99% pure), 𝐻2𝑆𝑂4(95-97%), 
distilled water, NaOH and calcium oxide (UNI-CHEM chemical reagents; CAS No. 1305-78-8; 
MW = 56.08) were used for experimental protocols. The biodiesel production was carried out 
at the Energy Laboratory in Faculty of Engineering, Universiti Malaysia Sarawak (UNIMAS) 
Sarawak, Malaysia.  

 
Catalyst Synthesis 
Initially, the M.Lyrata shells were collected from a local market situated at Samarahan, Sarawak, 
Malaysia. The shells were then rinsed simultaneously using tap, hot and distilled water to remove 
any dirt and stain as well as impurities on the shells surface [24]. M.Lyrata shells were dried 
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overnight in a hot air oven at 105℃. The dried shells were then grinded to fine powder form 
using a commercial blender and sieved through 80µm mesh. The CaO derived from M.Lyrata was  

calcined at 900℃ for 2 h in the muffle furnace (KSL-1700X-A4, MTI Corporation, USA) then 

the shell powder were refluxed in distilled water for 6 h at 60 ℃. The samples were filtered and 

dried overnight at 120℃ for 3 h as well as recalcined for 3 h at 600 ℃ to produce fine calcium 

oxide. The CaO samples were dried in a hot air oven at 100℃ for 1 h and finally stored in air 
tight sample bottle [24].  Thus the CaO was successfully synthesized an active heterogeneous CaO 
catalyst synthesis from M.Lyrata by ‘calcination-hydration-dehydration’ technique.  

 
CaO Catalyst Characterization 
The Chemical composition of M.Lyrata shells synthesized CaO was evaluated over the wavelength 
region of 600𝑐𝑚−1 𝑡𝑜 4000𝑐𝑚−1 by employing  FTIR: Fourier Transform Infrared 
Spectrophotometer (Perkin Elmer Model 100 series). SEM: scanning electron microscope 
(Hitachi TM3030) was utilized to study the particle morphologies and elemental analysis of both 
calcined CaO and commercial CaO. PSA: Particle size analyzer (CILAS-1090) was used to analyze 
particle size distribution of M.Lyrata shells synthesized catalyst. The surface area of calcined 
M.Lyrata seashell and commercial CaO were estimated using Brunauer-Emmett-Teller (BET) 
equation while pore diameter was determined using Barrett-Joyner-Halenda (BJH). 
 
Experimental Set up for Biodiesel Production 
The free fatty acid (FFA) contents of CKO ranges over 20% which results in lowering biodiesel 
yield  especially in transesterification of vegetable oils using heterogeneous solid catalyst [24][25]. 
Since the FFA of CKO higher than the required (>1%) KME that derived from CKO is achieved 
by a two-step process [25]. According to Ahmad et.al, transesterification process transforms 
crude oil to fatty acid methyl ester [26]. The KME was produced by performing pre-treatment 
(esterification) followed by alkaline (base catalyzed) transesterification. [6]. Esterification: At first 

CKO was heated up to 100℃ for 30 min. to remove moisture then, acid pre-treatment process 
was applied to reduce the FFA content by using 0.8% 𝐻2𝑆𝑂4 (v/v)  added to oil then mixed with 

6:1 (methanol to oil ratio) molar ratio. The solution was heated to 50 ℃ and stirred for 90 min. 
Subsequently, the solution was transferred to separating funnel which was allowed to settle for 2 
h. The methyl ester was washed three times using distilled water and the layers of oil from 

methanol and 𝐻2𝑆𝑂4 were separated. The pre-treated oil was  heated up to  100℃ to remove 
excess water content [26]–[31]. Transesterification: the second step of biodiesel production 
process. The pretreated CKO was mixed with methanol at a molar ratio of 12:1 and CaO catalyst 

concentration of 2 wt % at 60 ℃. The reaction was then proceed with stirring at 250rpm for 2 h 
using magnetic stirrer. The reaction mixture was transferred to a separating funnel for separation 
of 2 layers where the upper layer consists of KME while the lower layer consists glycerol [32] 

  
Catalyst Reusability Study  
Karanja biodiesel and other mixtures were centrifuged at 3000rpm for 1hr to recover M.Lyrata 
shells CaO catalyst and then washed using n-hexane for three times to remove all dissolved 
impurities. The sample was then dried in an oven for 24h. Then, the recovered catalyst recalcined 
again before use for the next transesterification of CKO for 3h at 600 ˚C. 
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RESULTS AND DISCUSSION 
 
Catalyst Characterization Analysis  
The infrared (IR) spectrum of CaO catalyst as synthesized from M. Lyrata shells was graphically 
shown in figure 1. It’s evident that CaO group absorptions were strongly attributed less than 
700 𝑐𝑚−1 corresponds to the functional group Ca-O from calcium carbonate. The peak indicates 
the strong besides broad medium absorptions band signifies the Ca-O which confirmed the 
presence of CaO. The absorption peak over 854.47 𝑐𝑚−1 corresponds to C-Cl stretching. The 
absorption band over wavelength 1469.76 𝑐𝑚−1 and 1454.33 𝑐𝑚−1 were corresponding to 
medium C-H bending bond. Further, a weak absorption wavelength more than 3700 𝑐𝑚−1 
specifically can be seen at 3639.68 𝑐𝑚−1 where the absorption peaks correspond to hydroxyl 
group due to the presence of calcium hydroxide. 
The surface morphology of calcium oxide derived from hard clam shell and commercial CaO was 
analyzed using scanning electron microscopy (SEM). Referring to figure 2(A), it can be observed 
clearly showing that SEM images of CaO derived from hard calm shell was totally different from 
the commercial CaO. SEM image of calcium oxide that synthesized from hard calm shell showed 
a porous structure with smaller particles. According to Buasri et al., the smaller the sizes of grains 
and aggregates of M. Lyrata CaO could give a higher specific surface area [13][14]. Conversely the 
commercial CaO particles in agglomerate forms. 

 

 

OH bond 
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Figure 1. FTIR Spectrum of commercial CaO (A) and synthesized CaO from M. Lyrata (B) 

 

  
Figure 2. SEM images of synthesized CaO (A) and commercial catalyst (B) 

 

 
Figure 3. Particle Size Distribution of CaO synthesized from M. Lyrata 

 
Figure 3 shows the particle size distribution of CaO particles from the hard clam shells where the 
particle distribution is in the range of 0.04 to 60 𝜇𝑚. A large fraction of the powder particle falls 
within a range of 20−40 𝜇𝑚. The average particle diameter was 15.67 𝜇𝑚. The highest peak of 

C-Cl stretching 

C-H bending bond 
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the bimodal size distribution ranges from 30-60 𝜇𝑚. The BET and BJH analysis of M. Lyrata 
synthesized having a  𝑆𝐵𝐸𝑇 of 36.6 𝑚2/𝑔, pore diameters of 13.861 nm and total pore volume of 
0.126 cc/g respectively. Further, commercial CaO having a 𝑆𝐵𝐸𝑇 of 5.21 𝑚2/𝑔, pore diameters 
of 11.355 nm and total pore volume of 0.0121 cc/g. According to Ren, Ma,Bruce,Knochel & 
Bein, the results  𝑆𝐵𝐸𝑇 of M.Lyrata is comparatively high and the pore diameter ranges is categorize 
within mesopores 2nm to 50nm consequently results in high surface area along with their catalytic 
activity, able to store energy and suitability of adsorption [33][34]. 
 
Karanja Biodiesel Production Analysis 
In the heterogenous transesterification, CKO was mixed with methanol and catalyzed by alkaline 
earth oxide; CaO. The influence of reaction time, reaction temperature, catalyst concentration 
and methanol ratio on performance of synthesized CaO under different transesterification 
conditions were investigated. Based on the results tabulated in table 1, the higher methyl ester 
yield for transesterification of using synthesized CaO catalyst is achieved at 97.3% in the presence 

of 2 (wt %) CaO when the methanol to oil ratio of 12:1 at 58 ℃ temperature within 2 h. Figure 
4(a-d) presents optimal reaction parameters for KME production via. Two-step 
transesterification. The optimum of methanol to oil ratio was 12:1 over the catalyst in the present 
study, which was double the practical methanol to oil ratio for homogeneous transesterification 
of 6:1.This higher the amount methanol would cause the development of methoxy specified of 
the surface of CaO as well as the reaction equilibrium shifted to forward direction. However, 
KME yield will not increase when the methanol ratio is over 12. The reason for this is the glycerol 
eventually dissolved in excessive methanol and at the same time constrain the reaction of 
methanol to the reactants and catalyst. However, further increase in methanol/oil ratio up to 18 
did not promote the reaction. It was considered that the glycerol would largely dissolve in 
excessive methanol and subsequently inhibited the reaction of methanol to the reactants and 
catalyst [34]. 
From the results, by comparing with the commercial CaO, hard clam showed a higher catalytic 
activity. Optimum conditions of this catalyst were achieved by giving a FAME conversion of 

97.3% when the methanol to oil ratio of 12:1 in the presence of 2 (wt %) catalyst at 58 ℃ for 2 
h of reaction time. 
 

Table 1. Effect on various parameters on production of Karanja methyl ester yield (KMEY) 

Catalyst loading 

(CL) 

Methanol ratio 

(MR) 

Transesterification 

time (TT) 

Reaction 

temperature (RT) 

CD 

(wt %) 

KMEY % MR 

(mol.) 

KMEY % TT 

(min) 

KMEY % RT (℃) KMEY % 

1 78 8 69 60 81 50 86 

2 94 10 83 90 90 55 92 

3 97 12 97 120 95 60 96 

4 90 14 92 180 87 65 90 
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Figure 4 (a-d). Optimization of KME yield via. Two-step transesterification 
 
M. Lyrata Synthesized CaO Reusability Analysis 
The M.Lyrata catalyst reusability was studied by using optimal condition of transesterification at a 

molar ratio of 12:1 and catalyst concentration of 2 wt % at 58 ℃ for 2 h period of time. After 
reaction is finished, separation of catalyst from the mixture is being made and proceed to be used 
for second reaction under same conditions. From figure 5, it was observed that the catalyst active 
for 3 reaction cycles with yield above 90%. It is found out after 4th reaction cycles, the biodiesel 
yield lowers to 83.7%. The reasons for this is catalyst deterioration is occurred due to the change 
in surface structure causing losing of active sites in the synthesized catalyst. Moisture in the 
reactant cause the calcium oxide to transform into calcium hydroxide which deteriorate the 

catalyst activity. However, by recalcined the catalyst at 600℃ could recover the activity [35][36]. 

  
Figure 5. M.Lyarata CaO catalyst recycle and reusability experimentation 
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Properties of KME 
 
Properties of biodiesel 
Table 2 and table 3 showed the analysis and the test methods adopted for the determination of 
CKO methyl esters properties. 
 

Table 2. Properties of CKO before transesterification and test methods used 

 
Table 3. Properties of KME and test methods used 

PROPERTY kme LIMITS EN 14214/ASTM 
STANDARD TEST 

METHODS 

DENSITY (15℃), G 𝑐𝑚−3 0.883 0.860-0.900 EN ISO 3675 

POUR POINT, ℃  3 𝑁𝑆𝑎 ASTM D 97 

WATER CONTENT, % 0.038 0.05% max EN ISO 12937 

ACID VALUE, KOH, 

𝑚𝑔 𝑔−1 

0.17 0.5 max EN 14104 

KINEMATIC VISCOSITY 

(40℃),𝑚𝑚2/𝑠 

4.66 ± 
0.02 

3.50-5.00 EN ISO 3104 

FLASH POINT, ℃ 212 120 min EN22719 

CLOUD POINT, ℃ 6    𝑁𝑆𝑎 EN14214 

FREE GLYCERIN, WT% 0.0064 0.02 ASTM D6584 

TOTAL GLYCERIN WT% 0.082 0.240 ASTM D6584 

MONOGLYCERIDE 
CONTENT, WT% 

2.63 <0.8 EN4214 

PHOSPHORUS, MG/KG 0.04 <4-10 ASTM D4951 

TRIGLYCERIDE CONTENT, 
WT% 

0.06 <0.2 EN4214 

DIGLYCERIDE CONTENT, 
WT% 

0.78 <0.2 EN4214 

GROUP 1 METALS (NA + 
K), MG/KG 

- 0.5 EN14214 

PROPERTIES cko EN 14214/ASTM STANDARD 
TEST METHODS 

DENSITY, G/ML 15℃ 0.924 EN ISO 3675 

WATER CONTENT, % 10.20 EN ISO 12937 

SAPONIFICATION NUMBER, 
MG/G 

186.4 ASTM D5558 

ACID NUMBER, MG KOH/G 
OIL 

31.24 EN 14104 

FFA, % 15.62 ASTM D5555 

KINEMATIC VISCOSITY 

(40℃),𝑚𝑚2/𝑠 

27.82 EN ISO 3104 
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CONCLUSIONS 

 
In this study, CaO catalyst was successfully synthesized from M.Lyrata seashells by following a 
calcination – hydration – dehydration technique. The characterization of CaO was carried out 
using FTIR, SEM, PSA, BET and BJH. The BET and BJH spectro photographic techniques. The 

characterization results revealed that the synthesized CaO catalyst had an 𝑆𝐵𝐸𝑇 of 36.6 𝑚2/𝑔, 
pore diameters of 13.861 nm and total pore volume of 0.126 cc/g respectively. Under optimum 
transesterification reaction conditions of methanol to oil ratio of 12:1 in the presence of 2%wt 

catalyst at 58 ℃ for 2 h of reaction time, a KME yield of 97.3% was yielded. It was observed that 
the catalyst active for 3 reaction cycles with yield above 90%, The produced KME fuel properties 
were tested according to EN 14214 biodiesel standards. 
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ABSTRACT 
 
This paper presents a small affordable calibrated hot box built at the Department of Architecture 
and Built Environment, the University of Nottingham.  Whilst no specific European Standards 
are available for the small calibrated hot box, at cost of approximately GBP 10,000 the design, 
development and utilisation of the hot box were performed by taking into account almost all the 
requirements outlined in the ISO 8990 standards.  The hot box comprises of three components 
namely, the metering box, the specimen panel and the cold box. The box is designed by taking 
into account the minimum requirement for the metering area according ISO 8990 (1 m x 1 m).  
To ensure uniform air circulation at the specified air speed requirement, a baffle with a series of 
12 Vdc fans was installed in each of the cold and hot area. Additionally, the minimum number of 
temperature sensors per unit area in measuring the thermal transmittance of the testing specimen 
have also been considered. The thermal transmittance value of the tested specimen was measured 
using a heat flux sensor. Innovative heating and cooling elements were introduced in the design 
of the hot box using two separate units of thermoelectric (TEC) air to air heat pump, capable to 
achieve 3° C to 45° C in the cold and hot enclosure respectively.  The TEC heat pump is 
controlled by a proportional–integral–derivative controller (PID controller) connected to a PC 
with a user interface. Meanwhile the speed of the installed fans was controlled via Pulse Width 
Modulation (PWM) controller. To calibrate the hot box, the thermal conductivity of four 
different materials measured using the heat flux sensor in the hot box, were compared with the 
thermal conductivity measured using a calibrated guarded heat flow meter of Thermtest HFM-
100. From the analysis, the values measured by the hot box and the guarded heat flow meter are 
found to be in good agreement with the average standard deviation of the measured k-value by 
the hot box from the guarded heat flow meter is below 10%. This paper serves as a guidance 
document that outline the methodology in the design, and development, in the specimen testing 
using heat flux sensor in a calibrated hot box. 
 
Keywords: calibrated hot box, heat flow meter, k-value  
 
 

 



International E-Conference on Green & Renewable Energy (2020: Sarawak) E-PROCEEDING  
e-isbn: 978-967-12140-8-4 

 
 

13 

 

INTRODUCTION 
 
Insulation material of a building are important indicators of the energy efficiency of the building. 
Therefore, it is very crucial to measure the thermal performance of the insulating material at high 
level of accuracy by taking into account suitable building standards.  Reliable thermal 
transmittance data such as U-value and k-value are important since it allows  us to; i) check the 
compatibility of the tested material in meeting regulations and specifications to acquire building 
certifications; ii) gain useful insights in evaluating the overall thermal performance of a designed 
building,  iii) create a  guidance to  research the improvement of the performance of an insulation 
panel, and iv)   compare the thermal performance of the  researched panel with other types of 
high insulating material  reported worldwide. Whilst no specific standards are available for the 
small calibrated hot box, the design, development and utilisation of the hot box were performed 
by taking into account closely the requirements outlined in the ISO 8990 [1] .  
A similar design and construction have been discussed in [2] in which a small (0.9 m x 1.2 m [3' 
x 4'] opening) calibrated hotbox was used to study methods of improving window thermal 
performance; [3] on an affordable Hot Box Testing apparatus using ASTM C1363 standards for 
testing of straw bale and other non-conventional building panels; and [4] for the evaluation of the 
thermal properties of small specimens, in which  EN ISO 8990 and EN ISO 12567 standards were 
being referred to in their study.  In general, the standards can be categorised based on the 
methodologies which are available to determine the U-value which are the measurement method 
and calculation method. The former method will be the focus of this paper in which the thermal 
transmittance or k-value can be measured by means of a calibrated or guarded hot box method in 
accordance with EN ISO 8990. 
 
 

METHODS AND MATERIALS 
 
Materials 
The testing samples were selected from the common insulation materials including wood panel 
(58.3 mm), polyurethane foam (23.4 mm), evacuated  polyisocyanurate foam panel  (61.2 mm ) 
and the evacuated biomass aerogel panel (17.5 mm). All samples have the same length and width 
(30 mm x 30 mm). Sample was squeezed between two hollow square wood frames to have a 
consistent supporting function.  
 
Innovative low-cost hot box to measure thermal conductivity 
We have designed an affordable small hot box as the facility to measure the thermal transmittance 
or U-value of glazing unit specimens and to produce thermal performance report for the tested 
specimens.  As shown in figure 1 and figure 2, the box which provides warm air and represented 
indoors, is called metering box meanwhile the box which provides cool air and represented 
outdoors is call the cold box or the environmental chamber. The panel that hold the specimen is 
called the specimen panel. In the design of the hot box, the following important requirements of 
which some areas specified in ISO 8990 must be met: 

• Good wall insulation. The heat flow rate through the metering box wall must be small 
enough to be neglected.  

• The box walls, perimeter seal and specimen shall form an air- and water-vapour-tight 
enclosure to avoid errors due to air and moisture transfer. 
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• Sealed plywood or plastic sheet on either side of the test specimen surround panel for 
rigidity and protection. The perimeter joints between the surround panel and the 
specimen should be sealed with tape, caulking or mastic material.  

• The specimen must be placed centrally at least 200 mm from the inside surfaces of the 
cold and metering boxes.  

• The minimum size of the metered area is 3 times specimen thickness or 1 m× 1 m, 
whichever is the greater. 

 
The small hot box was constructed using Polyisocyanurate (PIR) insulation core from EcoTherm 
of 0.022 W/mK and at 150 mm thick.  Profiles of MBS items were joint to house the Resin-bonded 
cellulose laminate sheets as the body of the metering box and also to protect the exterior of the 
insulation sheets. A care was taken while cutting the insulation cores in such a way that they were 
cut to fit exactly the body of the hot box and the inner joint of the insulation cores were sealed 
with tape to prevent air leakage. The overall internal volume of the hot box is designed at (1.105 
m x 1.45 m x 1.45 m) in size, thus taking into account the minimum metering area as outlined in 
ISO 8990 (1 m x 1 m). An identical box which provide cooling for the calibrated hot box was 
designed and constructed.  
In each box, a baffle which fits inside the metering box was placed at 150 mm distance from the 
surface of the specimen panel which is in accordance to the distance outlined in ISO 12567. A 
series of 12 Vdc fan was installed on the baffle to control air circulation thus the air speed of the 
metering and cold box respectively. While the focus of the affordable calibrated hot box is to 
measure the U-value of small size specimens, the specimen panel of the hot box was designed to 
be large enough to test a specimen at the maximum size of 1.45 m x 1.45 m. The metering box, 
specimen panel and the cold box are constructed to move on wheels and can be operated by only 
one person. In order to minimise the heat loss through the perimeter of the specimen, the edges 
of the metering and cold box that meet the specimen panel are fitted with a rubber gasket 
meanwhile the flat area of the insulation cores are fitted and protected with 1.5 mm thick black 
neoprene sheet.  The assembly is closed tightly using a clamp mounted on the frame of the boxes.  
In order to supply heating and cooling to the system, an air to air thermoelectric heat pump (TEC-
HP) AA PowerCool Series AA-100-24-22 of Laird at capacity of 102 W was used. The heat pump 
is environmentally friendly since no compressor or CFC refrigerants involved in the heating and 
cooling process. The principal of an air to air TEC-HP was based on the use of impingement flow 
to transfer heat. The heating and cooling of the environment is supplied by cooling the air flow 
via convection. For the metering box, heat carried by the air from the incoming air flow from 
outdoor environment will be absorbed and dissipated via high density heat exchangers with air 
ducted shrouds and fans. The heat will then be pumped and dissipated in the metering box by 
means of thermoelectric modules. A similar process applied for the cooling box, but with 
reversed polarity of electric current. In order to control the TEC heat pump to accommodate the 
metering and the hot box at specific temperature, the TEC heat pump is connected to PR-59 
temperature controller which is designed to reversibly (cooling/heating) the thermoelectric 
assemblies. PR 59 comes with a precise temperature control accuracy which not only regulates 
the temperature, but also features two programmable fan outputs and an alarm output relay.  
The controller may be used as a stand-alone unit interface with RS-232 to read and control 
parameters and settings in real-time. An easy-to-use PC software is included for programming 
and visual review of output parameters. The temperature sensor which controls the output of the 
controller is NTC type thermistor which is located between the baffle and the specimen. 
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However, the reading of the temperature was first calibrated against the average measured value 
of air temperature from 17 thermocouple positions, placed near to the baffles.  
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Figure 1. The 2-D sketch of the calibrated hot box 

 

 

Figure 2. Clockwise: The constructed small calibrated hot box, the specimen area and the 

thermoelectric assembly unit for heating and cooling 

 
Circulating fans will normally be needed to avoid stagnant air in the guard box. Thus, a series of 
12 Vdc fans were arranged on the baffles along the vertical line parallel to the specimen and baffles 
surface for uniform heat supply and air circulation. The speed of the fans were controlled via a 
pulse-width modulation (PWM) controller. Temperature sensors of type T thermocouple 
(copper/constant) of 0.2 mm wire diameter were used to measure the specimen, baffles and air 
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temperature.  A thermal adhesive tape is used to fix temperature sensors.  The total number of 
sensors placed on the surface of specimen are nine. The same number of temperature sensors and 
the outlines were used for the air temperatures of which the reading shall be taken with a system 
having a suitable time constant and radiation shield. Thermocouples were installed at specific 
areas as illustrated in figure 3 and summarised in table 1. It is worth noted that, in order to 
monitor the heat flux rate from the metering area, in total of 16 thermocouples were placed on 
the inner surface of the metering wall. Meanwhile, the heat flux was measured using a heat flux 
sensor of hukesflux HP01. 
 

Table 2. Thermocouple locations and the number of sensors 

Area Number of thermocouples 

Specimen 9 

Surround panel 8 

Baffles-surface temperature (for each metering and 
cold box) 

17 

Baffles-air temperature (for each metering and cold 
box) 

17 

Walls of metering area 16 

 

Figure 3. The thermocouple positions on the specimen and the surround panel (left) and on the 
baffle (right) 

 
By referring to ISO 8990 standards, we have ensured that the following conditions are achieved 
by the calibrated hot box:  

• The variation in air temperature across the air flow parallel to the specimen surface must 
not be more than 2% of the air to air temperature difference from the hot to the cold side. 
For example, if the temperature difference between the hot and cold side is 20 °C, the 
variations should not be larger than 0.4 °C (ISO 8990).  

(a) (b) 

Thermocouple positions on the (a) 

specimen and (b) surround panel. 

 

The red cross indicate the thermocouple positions for the 

air temperature measurements on the baffle and the black 

cross indicate the temperature measurement on the surface 

of the panel on the (a) specimen and (b) surround panel. 
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• Any air temperature gradients along long-direction of the air flow shall not exceed 2 K/m 
(ISO 8990)  

• The air speed must be controlled in such a way that the heat loss through the metering 
box is as low as possible less than 30% of total heat input (ISO 8990) 

• This initial check should cover the temperature uniformity and stability, air velocity and 
surface coefficients for both hot and cold side, the effect on accuracy of imbalance and, 
where appropriate, edge environment. 
 

The time required for the steady state to be achieved varies, depending on the window specimen 
being tested. This is due to the fact that different materials have different thermal mass value. To 
check the temperature variation within the calibrated hot box, we have used an insulation layer 
at 150 mm thick. Figure 4 shows the measured temperatures and heat flux through the insulation 
layer at steady state condition. The recorded air temperature variation in front of the baffle per 
minute is 2.5 x 10-3 °C/min from figure 5 temperature uniformity parallel to the specimen is 
clearly not an issue with the temperature variation across the air channel in front of the specimen 
is less than 0.4 °C. 

 
Figure 4. The measured temperatures and heat flux through the insulation layer 

 

 
Figure 5. Average air temperature at three different locations in the metering box in front of 

the specimen 
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In order to validate the reading measured by the low-cost calibrated hot box, the measurements 
were compared with the reading obtained using a calibrated guarded heat flow meter of 
Thermtest HFM-100 Device which will be discussed in the next section. 
 
THERMTEST HFM-100 Device 
All samples were measured by a guarded heat flow meter (Thermtest HFM-100) belongs to the 
heat flow method. Sample was positioned between two different temperature plates, which 

produce a fixed temperature difference (Δ T). The heat flux generated by the stable temperature 
difference which is monitored by heat flux sensor integrated into each plate. The thermal 

conductivity (λ) and thermal resistance are calculated by using this stable heat flux according to 
Fourier's law.  In this experiment, the equipment was put on a stable desk as shown in figure 6. 
The upper plate as the heating source set at 35 °C and bottom plate as the cooling source set as 
15 °C. The exact thickness of samples could be measured during the test.  
 

 
Figure 6. The Thermtest HFM-100 device. 

 
 

RESULTS AND DISCUSSION 
 

Table 2 and figure 7 show the average hot 𝑇ℎ𝑜𝑡 and cold curface temperature 𝑇𝑐𝑜𝑙𝑑   (measured 
at different 9 locations) , and the heat flux  of the measured sample.  Using the calibrated hot box, 
the readings were taken for 120 minutes at a stable condition. The average value of the parameters 
was measured by averaging the recorded data over the measurement period. Meanwhile the k-
value or the thermal conductivity of the samples were computed using the following equation:  
 

𝑘 =
𝜙𝑠𝑎𝑚𝑝𝑙𝑒

𝑇̅ℎ𝑜𝑡 − 𝑇̅𝑐𝑜𝑙𝑑

× 𝛿 
(1) 

 

where, 𝑘 is the k-value or the thermal conductivity, 𝑇̅ℎ𝑜𝑡 and 𝑇̅𝑐𝑜𝑙𝑑  are the average measured 

temperature for the hot and cold surface in Kelvin (K) respectively, 𝜙𝑠𝑎𝑚𝑝𝑙𝑒  is the measured 

heat flux using the heat flux sensor in W/m2 and 𝛿 is thickness of the sample.  
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Table 3: The summary of the k-value measured using the calibrated hot box and the guarded 
heat flow meter. 

Sample  Thickness  

(mm) 

Thermal 

conductivity 

(W/mK) 

using low-

cost 

calibrated 

hot box 

Thermal 

conductivity 

(W/mK) 

using 

Guarded heat 

flow meter 

 The 

percentage 

difference 

(%) 

Wool panel 10.8 0.0440 0.0449 0.000817 1.82% 

Polyurethane 

foam with frame 

23.4 0.0400 0.0387 0.0013 3.36% 

Polyisocyanurate 

foam with 

vacuum  

61.2 0.0312 0.0290 0.002 6.90% 

biomass aerogel 

with vacuum  

17.5 0.0439 0.0414 0.0025 6.04% 

 

 
 

Figure 7. The comparison between the k-value measured using the calibrated hot box and the 
guarded heat flow meter 
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Table 2 summarises the analysis from the analysis, the values measured by the hot box and the 
guarded heat flow meter are found to be in good agreement. We found that, the average standard 
deviation of the measured k-value by the hot box from the guarded heat flow meter is below 10% 
and hence the reliability of the calibrated hot box in measuring the thermal performance of the 
insulation panels is confirmed.  
 
 

CONCLUSIONS 
 
While the design and performance of the hot box apparatus does not exactly meet the 
requirements of ISO standards, it follows closely the requirements outlined in the standards and 
its affordable design enables reliable testing of various glazing samples. With cost of 
approximately GBP 10,000 makes the calibrated hot box accessible to academic institution that 
have limited funding. Although the size of the calibrated hot box smaller in comparison to a typical 
guarded hot box, the temperature fluctuation is not an issue. The use of baffles and thermoelectric 
air to air heat pump as a heater and cooler for the calibrated hot box, controlled by the PID 
controller definitely help to achieve uniform temperature profiles in both the metering and cold 
boxes. Nevertheless, for the current hotbox design, the minimum temperature achievable by the 
cold box is limited to 3 °C.  It is expected that by replacing the thermoelectric air to air heat 
pump with higher in capacity could provide additional gains in minimal temperature level 
achievable by the cold box.    
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ABSTRACT 
 
In this paper, a preliminary experimental investigation of a passive solar air heating system in 
drying an agricultural product, chilli, under the Malaysian climates was presented. 10 days 
outdoor experimental works were conducted, in which the recorded parameters were solar 
irradiance, mass of chilli, temperature around the system and thermal mapping of the system. 
Results showed that the maximum average temperature attained by the solar absorber was 
recorded at about 80oC. The temperature on the bottom tray of the system was found to be higher 
than the temperature on its upper tray. Outcome indicated that the developed passive solar air 
heating system could enhance the drying rate as compared to the conventional direct sun drying 
method. It showed that the percentage of moisture removal was about 74% when using the 
passive solar air heating unit, meanwhile it was recorded at about 54% when applying the direct 
sun drying method, indicating that the passive solar air heater has outperformed the direct sun 
drying method, with approximately 20% better drying rate. A linear correlation has been 
developed that the absorber temperature could be predicted at a moderate accuracy by knowing 
the solar radiation data with R2 = 0.6881. 
 
Keywords: Passive solar air heating system, Malaysian climate, chilli   
 
 

INTRODUCTION 
 
Drying is a traditional method applied to preserve food products for a long period of time. Since 
centuries ago, people remove the moisture content of a food product by exposing it directly under 
the sun. However, this method has many disadvantages such as it is time consuming, labour 
intensive, hygienically questionable as well as easily affected by the weather like strong wind, 
raining and dusty sky. One of the common solutions in this drying application is to use a solar air 
heating system. Recently, the solar air heating system technology has been a substitute method 
for drying food products as it can treat the products in a safe, clean and hygienic as well as 
preserving their quality and nutrient. Many commodities, particularly agricultural products, are 
dried to extend their storage period on a commercial scale such as banana, guava, grapes, wheat, 
corn, rice, chilli and etc. The use of solar air heating system could be more economical and 
efficient for a large scale of drying application, which could potentially promote the agriculture-
based economy in urban areas. Besides, the solar air heating system could save electricity, time 
and labour [1]. In general, there are two types of solar air heating systems, known as active and 
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passive systems. The active solar air heating system requires external force to operate the system, 
such as fans or blowers; while the passive solar air heating system relies on a natural air circulation.  
Malaysia, located near to the equator, is always perceived to have a great potential in harvesting 
solar energy for various solar applications. Its monthly average daily solar radiation intensity is 
prominent which is possibly over 17MJ/m2 [2, 3]. Thus, the use of solar air heating system in 
drying the agricultural products under the Malaysian climates should be promising. The objective 
of this study is to carry out a preliminary field test to investigate the performance of a passive 
solar air heating system in drying an agricultural product under the Malaysian climates, and 
compare its performance with the conventional sun drying method. In the present work, the 
passive solar air heating system was developed which was tested outdoors for 10 days. This is to 
note that only one agricultural product was selected in the experimental work, which is red chilli 
(Capsicum annuum). The detailed experimental approach is presented in the following section.  
 
 

EXPERIMENTAL SETUP AND MEASURING 
 
In this work, the passive solar air heating unit was modelled in a 3D drawing using SolidWorks 
software as shown in figure 1. The components are illustrated in the exploded view, which are: 
(1) drying chamber, (2) absorber plate, (3) transparent cover, (4) absorber base, (5) 2 layers of 
trays and (6) insulation material. Figure 2 shows the dimension of several main components. 
Figure 3 indicates the direction of air flow in the unit. Note that the temperature inside the 
chamber should be less than the temperature of the absorber plate to create a temperature 
gradient which eventually causing the passive air flow from the absorber plate to the drying 
chamber in the upward direction. The actual fabricated unit is illustrated in figure 4.   

 

 
Figure 1. 3D model of passive solar air heating unit  
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Figure 2. Dimensions of main components of passive solar air heating unit 

 

 
Figure 3. Air Flow Direction  

 

 

 

(a) Drying chamber   

(b) Tray 

(c) Top view of 

absorber plate 

(d) Side view of absorber plate 
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Figure 4. Actual unit 

 
The measuring devices used in the present work were data logger model DT80G, pyranometer, 
electronic scale, Flir thermal infrared camera and type-K thermocouple. Pyranometer, electronic 
scale and thermocouple were used to measure the solar irradiance, mass of chilli and temperature 
around the system, respectively. The thermal infrared camera was employed to visualise the 
thermal mapping of the system.  
The outdoor experiment was conducted at the roof of the Block 3 of IUKL located at latitude of 

2°58′N and longitude of 101°44′E. The experiment was carried out from 10:30am to 4:30pm 
for 10 days. The data collection using the data logging system to measure the temperature and 
global irradiance, were recorded in 2 minutes interval; meanwhile the data collection for the chilli 
mass was recorded after 1 day of drying process. In this work, the experiment was carried out for 
2 scenarios: (1) chilli drying by using the passive solar air heating unit and (2) chilli drying under 
the sun directly in open area. The initial mass of the chilli before commencing the drying process 
for both scenarios was set at 500g. The measured temperature points were ambient, solar 
absorber and inner compartment of the drying chamber at tray 1 and tray 2.      
 
 

RESULTS AND DISCUSSION 
 

Figure 5 shows the relation between the global radiation and ambient temperature. One can see 
that the temperature is strongly dependent on the solar radiation intensity. It reached its peak 
during the noontime as expected. Figure 6 indicates the variation of solar absorber temperature 
during a daytime. The temperature was recorded at peak during 12:30pm at about 80oC in 
average, in which the respective average ambient temperature was about 34oC. The high 
temperature gradient has shown that the system was performing as expected to be the passive 
solar air heating which was capable to induce the heated air flowing upward.   

(a) Structure of 

drying chamber   

(b) Absorber plate    

(c) Overall view of the passive solar air 
heating unit 
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Figure 5. Global radiation and ambient temperature 

 

 
Figure 6. Temperature of solar absorber 

 
Figure 7 shows the chamber temperatures at 2 trays. The average temperature on the lower tray 
(tray 1) reached a maximum value of 44oC and the average temperature on the upper tray (tray2) 
reached a maximum value of 43oC. The temperature on the bottom tray (tray 1) was found out 
to be higher than the temperature on upper tray (tray 2). This phenomenon was reasonable as the 
solar thermal heat would be first reaching this section. The result showed that the temperature 
inside the drying chamber was about 9oC higher than the ambient temperature. The field studies 
of other researchers working on the solar drying system for chilli had reported the similar 
temperature trend profile in a daytime drying process [4, 5]. Figure 6 and 7 indicate the same 
trend pattern as the global radiation intensity. The overall trends of the graphs showed that solar 
air heater was capable to operate well for the drying process.  
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Figure 7. Chamber temperature 

 
Figure 8 presents the clear heat movement and temperature gradient on the surface of the solar 
absorber during the drying process. Figure 9 shows the chilli inside the drying chamber and its 
thermal mapping. It showed that the chilli was heated up by the hot air induced into the chamber 
from the solar absorber passively. Result showed that the chilli could be heated up to 46oC.  
 

 
Figure 8. Thermal mapping of the solar absorber  

 

 
Figure 9. Chilli inside drying chamber and its thermal mapping 
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Figure 10 depicts the daily net chilli mass in tray 1 and tray 2. When the hot air rises up through 
the drying chamber, it accelerates the vaporisation process of the moisture content inside the 
chilli and therefore removing the moisture content from the chilli on the trays. This causes 
reduction in the mass due to the moisture loss in the chilli. The chilli was initially having a mass 
of 250g for each tray. The mass was reduced to about 187g after 3 days, which was about 25% 
mass reduction. The drying process continued to the fourth day with a relatively mild reduction 
in mass due to the raining and cloudy weather on that day. On the fifth day, the mass of chilli in 
the tray 1 was reduced to 135g; meanwhile the mass of chilli in tray 2 was reduced to 141g. The 
drying process continued until the day 10, in which the total amount of moisture content removal 
was about 370g, equivalent to 74% of mass reduction. One could observe that the mass reduction 
in tray 1 was higher which was consistent with the result in figure 7 indicating that the higher 
temperature would induce higher rate of vaporisation, and therefore higher mass reduction due 
to greater moisture content removal.     

 

 
Figure 10. Daily net chilli mass in tray 1 and tray 2 

 
Figure 11 shows the result of the daily net chilli mass dried under the direct sun in the open area. 
It presented the similar trend profile as in the figure 10. After the 10 days drying process, its mass 
was reduced by 272g, equivalent to 54.4% of mass reduction. Figure 12 indicates the comparison 
for both drying scenarios in term of moisture loss. The result is consistent with the outcomes 
presented by [5, 6], which had demonstrated a fairly similar trend pattern. It was noticed that the 
difference of drying rates between the passive solar air drying and the direct sun drying was 
relatively small during the initial stage. However, as drying progressed, the rate of moisture loss 
in the passive solar air heater has become higher. From the result, the passive solar air heater has 
outperformed the direct sun drying, with about 20% better drying rate. 
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Figure 11. Daily net chilli mass for open area drying under the direct sun  

 
 

 
Figure 12. Comparison of daily moisture loss of chilli for the drying process using the passive 

solar air heating unit and the direct sun drying in open area 
 
 

According to the observation at the experimental site, the passive solar heating unit could protect 
the chilli from heavy rain and strong wind. In contrary, for the direct sun drying method, it 
required much care and labour to save the chilli from being spoiled by the rain and wind. It could 
be more noticeable if the scale of drying process is big. Figure 13 shows the linear correlation 
between the solar absorber temperature and solar radiation intensity. It showed that when the 
solar radiation increased, the absorber temperature increased too. The linear correlation 
indicated that the absorber temperature could be predicted at a moderate accuracy by knowing 
the solar radiation data with R2 = 0.6881.  
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Figure 13. Relation between solar radiation intensity and solar absorber temperature 

 
 

CONCLUSION 
 
In this work, the outdoor performance of a passive solar air heating system in drying an 
agricultural product, chilli, under the Malaysian climates was presented. The maximum average 
temperature achieved by the solar absorber was recorded at about 80oC. The temperature on the 
bottom tray was found out to be higher than the temperature on the upper tray. The developed 
system could enhance the drying rate as compared to the conventional direct sun drying. Results 
showed that the mass of moisture removal for 500g of chilli was 370g when using the passive solar 
air heating unit, meanwhile the mass of moisture removal was merely about 272g when applying 
the direct sun drying method. The drying rate of the passive solar air heater was 20% better than 
the direct sun drying. The present work has demonstrated the positive prospect of using the 
simple passive solar air heating system for drying the agricultural product under the Malaysian 
sky, thus more research work should be encouraged in this aspect to attain the value of 
commercialisation.  
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ABSTRACT 
 

The sources of energy we use in our day-day activities contributes significantly to the alarming 
global warming which the world is currently experiencing. A technical solution to the menace of 
an environmental friendly, sustainable and reliable energy is the peak of this research. 2014-2017 
years’ wind speed data measured at a height of 2m were analyzed using the Weibull’s distribution 
method. The results show that all through the studied years and seasons, the mean wind speed 
distribution for the rainy season showed significant stability as seen from K-values. However, the 
dry season has the highest K-value of 2.08 signifying more stable winds during the season. The 
monthly averages, computed for height of 60m above ground level ranges between 2.15m/s and 
6.42m/s with the maximum wind speed in June while the minimum wind speed occurred in 
September. This implies that the wind velocity of the study area tends to be lower during the end 
of the rainy season. Nevertheless, the deviation in the mean wind speed was not significant, as 
such wind energy can serve as a reliable energy source for the campus hence could be harvested. 
 
Keywords: renewable energy, wind energy, weibull distribution, wind speed. 
 
 

INTRODUCTION 
 

Since its commercial advent in the 1970s, renewable energy has become increasingly popular to 
investors, government officials and the general public. The awakening of significant investments 
in renewable energy was motivated by a growing realization of the need for energy security. This 
need for energy security was visualized in the 1970s when there were oil shortages in the United 
State (Mark et al., 2018). The oil shortages created an interest in developing ways to use 
alternative energy sources, such as wind energy, hydropower, geothermal power and so forth. 
Fortunately, the alternative means of tackling the menace of energy security was to harness 
renewable energy, for short wind energy. Since then, scholars, scientist and engineers developed 
kin interest in renewable energy. 
The ever-growing need of energy has boost the usage and search for whatever form of energy. 
Unfortunately, some forms of energy have a lot of negative impacts on both the social, economic 
and physical environment. As suggested by many scholars, the way forward is to seek an energy 
source which will be; environmental friendly, a release from economic burden and socially 
acceptable. These make the problem which this research seek to provide a technical solution. 
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Hence the aim of this research is to evaluate the possibility of a wind farm that will meet the 
energy requirement of Federal University of Kashere, Gombe State. To achieve this, two 
objectives are set which are to determine the average wind speed of the geographical ranges of 
Federal University of Kashere and to obtain the wind distribution all through the year and the 
seasons. The study area which is the Federal University of Kashere (FUK), is located in Akko 
Local Government Area of Gombe state, North East Nigeria and has a geographical coordinate; 
latitude: 9.9128oN, longitude: 11.0065oE. It is located on an elevation 431 meters above sea level 
(Figure 1). 
 

 
Figure 1. Location map of the study area. 

 
Wind energy is the fastest growing source of energy and is getting worldwide attention due to 
technological advances for harnessing the wind power and its competitive cost of production as 
compared to other traditional means. Of these clean sources, the rapid development in wind 
energy conversion technology has made it an alternative to conventional energy system in recent 
years (Alam et al., 2011). In order to conserve the conventional energy resources, and to address 
the environmental problems, the wind power utilization is the answer to these problems.  Wind 
power has progressed from been a minor source of electricity to a technology that attracted many 
countries to it. In Nigeria, Oluseyi et al., (2014) investigated the average wind speed in south 
western part of the country and the corresponding cost analysis showed that generation cost can 
be as low as 0.02KW/h and as high as 5.03KW/h. Ulan, (2013) analyzed wind power generation 
with a null hypothesis that “there is no significant difference in the wind velocity means” with the 
use of custom-constructed wind guide attachment. Unfortunately, the statistical analysis 
(ANOVA) rejected the null hypothesis which means the reverse might be the case. Oyedepo et 
al., (2012) examined the wind speed in three south-eastern states, Nigeria. He reported the 
annual wind speed at height of 10m for Enugu, Owerri and Onitsha to be 5.42, 3.36 and 3.59m/s 
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respectively.  The minimum wind speed recommended to turn a wind turbine for power 
generation is 12.6km/h (3.5m/s). Ohunakin (2011) assessed the annual mean wind speeds of five 
states in the north-central region and obtained 2.75, 4.29, 4.57, 4.39 and 3.16m/s for Bida, 
Minna, Makurdi, Ilorin and Lokoja in that order.  
Wind power apart from its reliability has several benefits such as industrial growth, clean fuel 
source, sustainability and many others. Wind power is recognized as an important contributor to 
renewable energy, climate, and energy security targets set by many countries across the globe. 
For this and many other related reasons, the use of wind energy has continued to expand, and 
will play an important role in the production of electricity in the future. Moreover, wind is a 
natural occurrence and harvesting it`s kinetic energy doesn`t affect current and wind cycles in 
any way and the kinetic energy in the wind is a promising source of renewable energy with 
significant potentials in many parts of the world (Abdeen, 2011). Obviously, this form of energy 
seems to be the way forward and therefore serves as a technical solution of an effective remedy 
to fossil – fuel depletion, which satisfy the millennium Development Goals (MDGs). 
 
1.1 Wind Velocity (Speed) 
Wind speeds are crucial in the development of wind energy conversion system. (Abdulkarim et 
al., 2017). 
Let the mean wind speed of the site be Vm, then it can be obtained from the equation; 

              Vm =
1

𝑁
 ∑ 𝑣𝑖 𝑁

𝑖                              (1) 

Where 𝑣𝑖 is the observed (recorded) wind speed and N is the data point. However, the root mean 
cube (RMC) speed Vrmc given by; 

𝑉𝑟𝑚𝑐 = √
1

𝑁
∑ 𝑉𝑖

3𝑁
𝑖=1

3
                         (2) 

Fortunately, the wind power (Pw) can be expressed in terms of wind speed 

              Pw = 
1

2
𝜌V3

rmc            (3) 

Where ρ = observed air density. 
 
1.2 The Weibull Probability Distribution Function (PDF) 
Knowledge of the wind speed frequency distribution plays an important role for the estimation 
of wind potential in any location (Azad et al., 2014). 
The two-parameter Weibull distribution is most commonly known for its high accuracy for wind 
speed data analysis (Zghal et al., 2011). 
The Weibull PDF is given by 

                       f(v) = (
𝑘

𝑐
) (

𝑣

𝑐
)

𝑘−1

𝑒(− 
𝑣

𝑐
)𝑘

   (4) 

And its corresponding cumulative distributive function 

                      F(v) = 1 − 𝑒(− 
𝑣

𝑐
)𝑘

    (5) 
Where c is the scale parameter and K is the shape parameter. The scale parameter indicates the 
wind regime at that location. 
The mean and variance are respectively given by equations (6) and (7) below 

                        𝑉̅ = E(v) = c⌈(1+ 
1

𝑘
 )    (6) 

                        Var. (v) = c2[⌈(1+
2

𝑘
 ) - ⌈2(1+

1 

𝑘 
)     (7) 

Where ⌈  is the gamma function. 
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There are other distributive functions used for wind analysis, however in this research analysis 
the Weibull distribution was used for analysis. Dikko and Yahaya, (2012) showed that for some 
cities in Nigeria, the Weibull Distribution Function produce better result for analysis. These cities 
are Gombe, Maiduguri and Yola. 
 
1.3 Variation of Wind Speed with Height 
The wind speed as well as the Weibull parameters varies proportionally according to the Hub 
height (Khouloud et al., 2016). As wind turbines can be placed at different heights, the wind 
speed needs to be measured at such height by using the power law (Zekai et al., 2012). 
The law describes the vertical variation of wind speed as  

                 𝑉(ℎ) = 𝑉0(
ℎ

ℎ0
)𝛼         (8) 

Where V(h) is the wind speed at hub height h, V0 is the wind speed at measured height and α is 

wind shear power law exponent. The value for α varies from 0.1 over the top of steep hills to 

0.25 in sheltered locations. For flat coastal regions, α is taken as 0.143 (1/7) which is the typical 
value used in most research (Youm et al., 2005).  
Similarly, the Weibull parameters also varies with the height as expressed by Oyedepo et al. 
(2012) in equation (9). 

𝐶(ℎ) = 𝐶0(
ℎ

ℎ0
)𝛼         (9) 

Where C0 is the scale factor at the measured height h0. 
The hub height mentioned above is a distance from the turbine platform to the rotor of an 
entailed wind turbine and indicates how high a turbine stands above the ground, not including 
the length of the turbine blades. 
 
 

MATERIALS AND METHODS 
 

The data for the analysis of this study were obtained from the weather station of Federal 
University of Kashere, Gombe state. The wind speed for the analysis of this study was collected 
up to four years (2014-2017) with the aid of an anemometer. 
The wind speed was analyzed with the Weibull distribution which is explained in the equations 
(1) to (9). The analysis has two phases which are the seasonal and annual analysis. The major tools 
to be used for the analysis are graphs and bar charts. 
This research utilises daily average wind data measured at 2m above ground level. Data obtained 
were from October, 2014 to February, 2017. The data, at 2m hub height were checked 
thoroughly for homogeneity, outliers and missing records before being processed for the study. 
Spurious and missing data as well as wind gusts and cyclonic winds (wind exceeding 20m/s) were 
eliminated. 
 
 

RESULTS AND DISCUSSION 
 

3.1 Analysis of Monthly Mean Wind Velocity 
This study was restricted to flow of wind for normal days. The monthly averages of the filtered 
data, computed for heights of 2m and 60m above ground level are displayed in figure 2 and figure 
3 respectively. It can be observed in figure 3 that the average wind speeds vary between 2.15m/s 
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and 6.42m/s with the maximum wind speed in June (Winter season) while the minimum wind 
speed occurred in September. It can be inferred that the wind velocity tends to be lower during 
the end of the rainy season.  

 
Figure 2. Monthly average wind speed at 2 meters from October, 2014 to February, 2017. 

 
 

 
Figure 3. Monthly average wind speed at 60 meters from October, 2014 to February, 2017. 

 
3.2 Wind Speed Vertical Profile 
A logarithmic wind profile was used according to equation (8) to estimate the mean wind speed 
values at various heights (Table 1).  
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Table 1: Logarithmic wind profile of mean wind speeds and their corresponding heights. 

Height above ground (m) Wind speed (m/s) 

150 4.76 

140 4.72 

130 4.69 

120 4.65 

110 4.60 

100 4.55 

90 4.50 

80 4.44 

70 4.38 

60 4.30 

50 4.21 

40 4.10 

30 3.95 

20 3.75 

10 3.40 

 
The modelled average wind speed value at 60m which is good enough height for a turbine is 
4.30m/s (Figure 4). This is beyond the recommended minimum of 12.6km/h (3.5m/s).  
 

 
Figure 4. Logarithmic wind profile plot of the mean wind speeds against their corresponding 

heights. 
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3.3 Wind Speed Distribution 
Naturally, the wind's speed constantly varies. In order to be able to predict a wind turbine's 
production it is necessary to know exactly how often the wind blows strongly. Normally, the 
wind is measured with an anemometer and the mean wind speed is recorded every day. This data 
was sorted into wind speed classes of 1m/s each (Table 2). The energy contained in the wind was 
then expressed by the frequency (Weibull) distribution as in equation (4). 
 

Table 2. Wind speed frequency distribution 

All seasons    Raining Season   Dry Season  
Range Freq % Freq  Range Freq % Freq  Range Freq % Freq 

0-1 73.00 12.18698  0-1 50 14.45087  0-1 23 9.090909 
1-2 136.00 22.70451  1-2 73 21.09827  1-2 63 24.90119 
2-3 182.00 30.38397  2-3 113 32.65896  2-3 69 27.27273 
3-4 129.00 21.53589  3-4 67 19.36416  3-4 62 24.50593 
4-5 52.00 8.681135  4-5 26 7.514451  4-5 26 10.27668 
5-6 15.00 2.504174  5-6 11 3.179191  5-6 4 1.581028 
6-7 6.00 1.001669  6-7 3 0.867052  6-7 3 1.185771 
7-8 5.00 0.834725  7-8 3 0.867052  7-8 2 0.790514 
8-9 0.00 0  8-9 0 0  8-9 0 0 

9-10 1.00 0.166945  9-10 0 0  9-10 1 0.395257 

 

 
Figure 5. Wind speed distribution for all seasons. 
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Figure 6. Wind speed distribution for the rainy season. 

 

 
Figure 7. Wind speed distribution for the dry season. 

 
A is the Weibull scale parameter in m/s; a measure for the characteristic wind speed of the 
distribution. A is proportional to the mean wind speed. K is the Weibull form (shape) parameter. 
It specifies the shape of a Weibull distribution and takes on a value of between 1 and 3. A small 
value for K signifies very variable winds, while constant winds are characterized by a larger K. 
The Weibull curves peak near the average values of the wind speeds in all cases. The similarity of 
the trends shows a good representation given by the Weibull model when compared to the actual 
data. 
All through the studied years and seasons the wind speed distribution showed significant stability 
as seen from the (above 2) K-values (Figure 5 to 7). Nevertheless, the dry season has the highest 
K-value of 2.08 signifying more stable winds during the season (Figure 7). 
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CONCLUSION 
 

Based on the interpretation of wind speed data, the wind speed for rainy season in the results 
showed that through the studied years, from 2014-2017, which was restricted to flow of wind 
for normal days, the monthly averages showed significant stability as observed from their K-
values. It also showed that the average wind speed of 4.30m/s with the maximum wind speed in 
June (winter season) and the minimum wind speed occurring in the end of the rainy season, 
suggesting stable wind during the season. 
The main conclusions drawn from this project are as follows: 

• The University campus environment shows good wind energy potential. 

• Part of the energy requirements for the University can potentially be obtained from the 
wind throughout the year. 

• The average wind speed of 4.30m/s is beyond the recommended minimum value of 
3.5m/s suggesting that it is very good to start a turbine.  

• The K-value of 2.08 is good since it falls beyond 69% of the required maximum.  
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ABSTRACT 
 
The determination of mechanical and morphological properties of polylactic acid (PLA) 
reinforced with different natural fibre were studied in this paper. Tensile, impact, percentage 
elongation, flexural properties were found out of various composite material like Nettle fibre 
reinforced PLA, Grewia optiva fibre reinforced PLA, sisal fibre reinforced PLA, composite foams 
of PLA/bagasse fibre, PLA/flax composites, PLA/ cellulosic natural fibres, Wood fibre 
reinforced PLA composites. The value of tensile strength was found to be enhanced when 
compared neat PLA with natural fibre blend PLA. Since PLA is brittle, its nature also changes 
when natural fibre is applied and the percentage elongations increases as well. Up to 30% 
improvement in impact strength also noted in previous experiment on different PLA composites. 
Morphological analysis reveals strong adhesion rates between natural fibre and matrix PLA. 
 
Keywords: Polylactic acid, Natural fibre reinforced, Mechanical properties, Lifecycle of PLA. 
 
 

INTRODUCTION 
 
As pollution caused by non-degradable material like synthetic fibres has led to research on 
environmentally friendly material production. In finding the solution of such a problem, 
researcher switched from synthetic fibres (non-degradable material) to natural fibres 
(biodegradable material). The main advantages of using natural fibres are renewability, easily 
availability, biodegradability, non-toxic, cheap, low specific gravity, high toughness and good 
strength[1]. By the using biodegradable material the effect of environmental pollution can also be 
reduced. 
Polylactic acid ( PLA) polymers have been commercially attempted to incorporate  in the field o
f biodegradable materials since the last decay. PLA is obtained from the fermentation processes 
of natural agricultural raw material. This process initially gives lactic acid which has a cyclic 
dilactone, lactide, ring open structures. The polymerization of lactic acid is known as polylactic 
acid. It is a renewable polymer that has better stability in temperature and less residual material. 
The thermal stability can be enhanced by using different synthetic or natural fibres as reinforcing 
material. PLA is brittle in nature. The mechanical properties mainly percent elongation and 
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impact can be improved by adding plasticizers into PLA. The decomposition takes place by 
hydrolysis of lactic acid, which is metabolized by micro-organisms into H2O and CO. 
Biodegradation occurs within two weeks by composting with other biomass, and the material has 
completely disappeared within 3–4 weeks. Fig.1 shows lifecycle of PLA.  
 

 
 

Figure 1. Lifecycle of Polylactic acid (current study) 
 
 

MATERIALS AND DISCUSSIONS 
 
Table 1. Mechanical and Morphological Properties of Natural Fiber reinforced polylactic acid 

composites 

AUTHORS NATURAL 
FIBRES 

TEST DESCRIPTIONS 

Bajpai et 
al.,[2] 

Nettle, 
Grewia optiva 
and sisal fibres  

Tensile 
strength 

• Only PLA - 39.18 MPa 

• PLA/sisal- 80.6MPa 

• PLA/nettle- 50.32MPa 

• PLA/ G. Optiva- 73.9MPa 

• Young modulus of pure PLA-3.02GPa 

• Tensile strength of biocomposites is not 
good because of poor adhesion between 
fibre and matrix. 

% 
elongation 

• PLA- 3.98% and polypropylene (PP) –more 
than 25% because it is more ductile than 
PLA.  

• PLA/G. Optiva- 5.74%; PLA/nettle- 
4.63%; PLA/sisal-3.42% 

• These start propagating very rapidly in the 
matrix as soon as cracks are started and 
induce bulk failure as shear stress is localized 
at the interface of the fiber – matrix.  
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AUTHORS NATURAL 
FIBRES 

TEST DESCRIPTIONS 

• The natural fibres are supposed to behave as 
hurdles to delay the composite fracture 
process, thus reducing the risk of sudden 
composite failure.  

SEM • During tensile test, SEM micrographs show 
that the bio-composite has matrix splitting, 
fibre fracturing and fibre pullout.  

• Tensile properties of composite depend 
upon adhesion level, bonding character and 
fibre pullout. 

• Different surface roughness visible for 
different natural fibres. Sisal fibres shows 
good wetting with PLA than G. Optiva 
fibres as well as Nettle fibre.   

Flexural 
test 

• The value of flexural strength is 249.8MPa 
and 1044MPa for PLA/sisal composite and 
neat PLA.  

• The value of flexural modulus is 9.75GPa 
and 3.79GPa for PLA/sisal composite and 
neat PLA. 

• The value of flexural strength is 202MPa 
and 164.8MPa for PLA/G. Optiva and 
PLA/nettle composite.  

• The value of flexural modulus is 10.97GPa 
and 7.88GPa for PLA/G. Optiva and PLA/ 
nettle composite. 

• The flexural properties of bio-composites 
are also depending upon the interfacial 
characteri-stics of the fibres and the matrix. 

Charpy 
impact 
strength 

• The impact strength- PLA/sisal and 
PLA/G. optiva composite increases while 
the impact strength of PLA/nettle 
composite decreases.  

• Because of brittle nature of PLA matrix, the 
composite specimens were broken into two 
parts fully during charpy test. 

• Impact strength decreases because the stress 
were concentrated over a region on adding 
natural fibres into PLA matrix which 
required low energy for creating crack.  

• The value of impact strength of PLA/nettle 
composite is less than neat PLA because of 
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AUTHORS NATURAL 
FIBRES 

TEST DESCRIPTIONS 

developing stress concentration area around 
the natural bundles which required less 
energy to create cracks. 

• Impact strength of PLA / carbon fibre 
composites improved by up to 30 percent 
fibre volume fraction.  

Nampitch[3] Composite 
foams of 
PLA/bagasse 
fiber 
(Thailand) 

Tensile 
strength 

• Neat PLA- 25.63MPa 

• Composite 7wt%- 45.27MPa 

• Addition of bagasse fibre (till 7 %) increase 
tensile strength because of the chemical 
interaction between the ester group of PLA 
and the OH group. 

• After 7% its strength decreases, due to the 
fibres weakening the composites. 

% 
elongation  

• After 7% fibre, further adding show 
decrease in elongation because of the fibre’s 
natural effect of reducing mobility in 
composites, making the material stiffer and 
harder.  

Impact 
strength 

• Bagasse fibres with high content could be 
aggregated because of fibre-fibre 
interaction, which causes the mechanical 
properties to worsen. 

• Exhibit 15 and 20%wt bagasse fibres 
minimum mechanical properties,  

• 10% wt bagasse fibres enhance optimum 
mechanical properties. 

• As on addition of natural fibre, the mobility 
of polymer chains reduces because of which 
absorbing energy ability decrease in 
composite. That’s why impact strength 
decrease. 

SEM • Shows neat PLA showed a smooth surface 
and smooth bubble in the middle of the 
specimen 

• composite showed a rougher surface and 
bubbles that looked like cracks increased 
fibre content in the matrix showed an even 
rougher surface with the bubble likely more 
deformed 

• This phenomenon could be due to the 
bubble dispersion in the PLA sample where 



International E-Conference on Green & Renewable Energy (2020: Sarawak) E-PROCEEDING  
e-isbn: 978-967-12140-8-4 

 
 

45 

 

AUTHORS NATURAL 
FIBRES 

TEST DESCRIPTIONS 

they could easily move and coalesce without 
obstacles, while in the composite sample 
they could not. 

K.Oksman[4] PLA/flax 
composites 

Tensile 
stress 

• PLA only - 50MPa and a modulus of 
3.4GPa. 

• Adding of flax fibres into PLA will decreases 
the tensile strength of whole composite, 
which shows weak adhesion between fibres 
and matrix. The stress does not pass from 
the matrix to the stronger fibres. 

• The addition of flax fibre increases the 
tensile modulus; the tensile modulus 
depends on fibre orientation. 

Yicheng 
Du[5]  

PLA/ 
cellulosic 
natural fibers 

Tensile 
strength  

• There was a variation in tensile modulus and 
strength when fibre loading changes. After 
50% of fibre loading, the dry spots or a void 
increases because of which tensile strength 
decreases.  

M.S.Huda[6] Wood fiber 

(WF) 

reinforced 

PLA 

composites 

Flexural 
strength 
and 
modulus 

• Comparing flexural strength and modulus of 
Neat PLA - 98.8MPa and 3.3GPa and 
PLA/WF (60 wt %/40 wt %) composite -
114.3MPa and 10.2GPa 

Tensile 

strength 

(MPa) 

Tensile 

Modulus 

(GPa) 

• Neat PLA 62.8 ± 4.9 and 2.7 ± 0.4 

• Tensile strength value on adding WF 
increases till 30% loading and then 
decreases. 

• Tensile strength of Wood fibre (WF) 
reinforced PLA composites depends upon 
the orientation of wood fibre. Well 
alignment shows higher tensile strength. 

• Up to 30%wt of wood fibre loading, the 
tensile strength increases. This was because 
of increasing wetting of fibres with matrix 
resin. 

• If the wetting of natural fibre is not 
appropriate strength become week and 
composite can fail also.   

• The value of tensile modulus of composite 
increases as the quantity of wood fibre 
increases. 
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AUTHORS NATURAL 
FIBRES 

TEST DESCRIPTIONS 

• The modulus of PLA increases 
proportionately as the amount of WFs in the 
composite increases. 

• Raising the tensile module is also depends 
upon the compatible with the mixture law, 
which stipulates that the matrix is 
reinforced by fibres capable of transmitting 
tension through the fibre-matrix interface.  
 

M. Chalid[7] Ijuk Fiber/ 

PLA 

Biocomposites 

Tensile 
strength 

• Addition of ijuk fibre would enhance both 
young’s modulus and tensile strength. 

•  Alkaline treatment increases the 
compatibility of ijuk and PLA.  

• Low surface adhesion between fibre and 
matrix without treatment. Some small gaps 
were also visible. 

• Elastic modulus and tensile strength 
decrease after 20% of ijuk fibre volume 
fraction, this is because of voids or fibres 
pull-out in the biocomposite.  

• Uniform distribution of ijuk fibre by 
stirring can solved these above two 
problems. 
 

 
 

RESULTS AND CONCLUSION 
 
Mechanical Properties of PLA were improved on addition of various natural fibres. From the table 
we can summarized that, As PLA is brittle, but on loading of natural fibre it shows ductile nature, 
because of the adhesion between fibre and PLA matrix, the tensile property of PLA composite 
has been improved. Morphological studies show the smooth surface on addition of natural fiber 
but at certain limit it was mainly 40% of natural fibre loading. 
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ABSTRACT 
 
The virus that causes COVID-19 spreads primarily through droplets generated when an infected 
person coughs, sneezes, or speaks. Someone can also be infected by touching a contaminated 
surface, then touching their eyes, nose, or mouth before washing their hands. People are advised 
to clean hands regularly and thoroughly, and avoid touching eyes, mouth, and nose to keep safe 
from the virus. Cleaning has never been a greater concern than it is today since the COVID-19 
pandemic has spread throughout the world. However, methanol, ethanol, and chlorine-based 
are often used in cleaning and disinfecting products to kill the virus on surfaces. These chemicals 
called volatile organic compounds (VOCs) which are found in commonly used conventional 
cleaning products. The excessive usage of these products will cause indoor air pollution and other 
numerous health implications which are very harmful to the building occupants and especially 
for the clean workers and the people with health conditions. Therefore, it is important to 
implement a green cleaning programme to reduce the issue of environmental health impact. 
This paper aims to discuss the benefits green cleaning and how to maintain cleanliness in a green 
way and without damaging health. This paper is anticipated to be significantly beneficial and can 
be further used as a piece of information for facilities management and the people. 
 
Keywords: Green cleaning, COVID-19, Problems and hazard 
 
 

INTRODUCTION 
 
The COVID-19 pandemic is changing the way of peoples’ lives in various ways. People are no 
longer only worried about the visible dirt, instead they are guarding against the invisible germs 
what is more a highly contagious virus. In the absence of a vaccine or effective antiviral 
treatments, which most likely not be available in the near future, several countries imposed strict 
lockdown measures to curb the spread of the disease. In Malaysia, the local governments spent 
more than three times their approved budget on community policing, hygiene(cleaning) and 
care services [1]. One of the most effective ways in preventing the spread of harmful microbes 
and to reduce the potential for COVID-19 virus contamination are to clean and disinfect [2–4] 
in the everyday life. Cleaning is an important first step to the process because it physically 
removes soil, organic matter, and many germs from the surface. Those that are frequently 
touched in all areas should be identified for priority disinfection and should be regularly cleaned 
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[2,3] these include but are not limited to such as door and window handles, kitchen and food 
preparation areas, counter tops, bathroom surfaces, toilets and taps, touchscreen personal 
devices, personal computer keyboards, and work surfaces. The COVID-19 pandemic has led to 
major changes for homes and business, including more frequent use of chemicals and 
disinfectants. While they do to help, some can be dangerous to human health and environment 
[5]. These cleaning products that are often used and available in most markets contained massive 
amounts of harsh chemicals. Abrasive chemicals can be highly efficient cleaners, but they also 
have significant drawbacks. The challenge is to fight the spread of the virus and at the same time, 
to maintain a green hospitality with “eco-friendly”, “green” or “sustainable” cleaning and 
disinfecting. The objective of this paper is to review the potential impact on the COVID-19 
pandemic on the green cleaning. Therefore, it is important to grasp the knowledge and have an 
understanding on how the conventional cleaning impacts negatively towards the people and the 
surrounding before adopting green cleaning process. 
 
 

LITERATURE REVIEW 
 
Cleaning during COVID-19 
During the COVID-19, many institution buildings are closed to all and since the shutdown, 
cleaning has been focused on the floors that are occupied especially in a high- touch surfaces area. 
The demands for hand sanitizing and deep-cleaning services are rising around the globe in light 
of the COVID-19 pandemic. In the United Kingdom, a number of cleaning companies services 
statewide and locally have seen an increase in requests for additional services as people are being 
reminded to constantly clean and disinfect all commonly-used areas, offices and facilities to 
prevent the COVID-19 from spreading [6]. Malaysia has numbers of janitors and domestic 
workers who are fighting to “flatten the curve” of the COVID-19. As the COVID-19 began 
sweeping across the Malaysia, demand for cleaning and disinfecting are also skyrocketed. There 
are increasing numbers of organizations and people that are seeking for cleaning and disinfecting 
products which capable in eliminating COVID-19. According to data published by market 
research firm Kantar, U.K., hand sanitizer sales saw a year-on-year increase of 225% in February 
[7]. Analysts found that sales in Malaysia of hand sanitizers hit almost 1 million Malaysian ringgit 
during the week ending January 26 which makes it higher than the amount the country spends 
on the product in an average week [7]. According to Chemical Company of Malaysia Bhd 
(CCM), the demand for some chemical products amid the COVID-19 pandemic is rising [8]. 
The government has issued the guidelines and Standard Operating Procedures (SOP) for 
approved manufacturing companies to comply with during the Movement Control of Order 
(MCO). For instance, the management of healthcare facilities has issued their cleaning personnel 
to perform a cleaning and disinfection process the before operation begins in accordance with the 
guidelines set by the Ministry of Health Malaysia. Furthermore, the sanitation and cleaning 
process should be performed three times a day especially in common spaces such as lobbies, 
elevators, cafeterias, toilets, meeting rooms, prayer rooms and etc. [9]. Cleaning is an important 
first step because it physically removes dirt, organic matter and most germs from surfaces. All 
surfaces must be thoroughly cleaned before disinfection as this ensures that germs are not hidden 
from the disinfectant when it is applied [10]. Meanwhile, disinfection is the process that destroys 
most disease-causing germs that remain on surfaces [11]. This process does not necessarily clean 
dirty surfaces or remove germs, but by killing germs on a surface after cleaning, it can further 
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lower the risk of spreading infection. Frequent cleaning and disinfection help to prevent the 
spread of germs that may cause illness, especially COVID-19 during these times. A routinely 
cleaning and disinfecting should be done for frequently touched surfaces or shared surfaces and 
items. Next, cleaning and disinfecting should be done more often when illness levels have 
increased. Lastly, immediately to clean and disinfect when surfaces are contaminated with blood 
or body fluids.  
In the light of these facts, it arises on the issues in ways to reducing the risk for everyone while 
maintaining a clean environment. In addition, on the issue of whether the cleaning and 
disinfecting products are being safe to use for the people and the environment in the long term 
as the need for cleaning practice must be preserved beyond the easing of restrictions in Malaysia.  
 
Problems and Hazard of Conventional Cleaning 
Concurrently, the front liners are risking their lives in fighting this global pandemic especially 
the cleaning workers. These cleaning workers work every day to properly and safely use cleaning 
products that help keep the environment healthy. This is very harmful for cleaning workers who 
face risks for the effort of overcoming COVID-19 pandemic where they manage harsh chemicals, 
carry loads and high possibly to come into contact with infectious waste. Now, these workers are 
potentially exposed with the COVID-19. 
Certainly, the most common effective cleaning and disinfecting products are alcohol and 
chlorine-based (bleach type) ones. Other common active ingredients found in the U.S Centers 
for Disease Control and Prevention (CDC) and the Environmental Protection Agency (EPA) 
recommended disinfecting cleaning products that are effective to kill many viruses and bacteria 
are, Ethanol alcohol (60%-90%); Hydrogen peroxide; Isopropyl alcohol (60%-90%); 
Quaternary Ammonium; and Sodium hypochlorite [6,7]. In spite of that, a study found that [8], 
these are actually products that should be avoided since the sodium hypochlorite-based cleaners 
are harmful to the environment, but also to the skin and respiratory system. Furthermore, the 
quaternary ammonium compounds or quats are very not much recommended. This is because, 
quats can be toxic if inhaled and are also known to cause birth defects and are toxic to marine 
life if they enter waterways [9]. 
In addition, a virex, is a cleaning agent that is also being used against the covid-19 which can also 
cause rashes and burns. These conventional cleaning products contain volatile substances that 
are capable of causing irritation and toxicity where ventilation is very much needed when using 
these products. According to the handling of cleaning and disinfecting guidelines prepared by the 
World Health Organizations (WHO), the cleaning and disinfectant solutions should always be 
prepared in well-ventilated areas [2], keep away from vulnerable populations such as children, 
pregnant women, the elderly and people with other pre-existing health conditions or sensitivities 
away during the application of the products until it is dry and there is no odour, and it is necessary 
to wash hands right after using any cleaning or disinfectants. This shows that the toxic effect of 
chemicals released from the cleaning and disinfectant products can lead to eye and skin irritation, 
bronchospasm due to inhalation, and potentially gastrointestinal effects such as nausea and 
vomiting [12].  
A growing body of evidence suggests that the ingredients of many cleaning and disinfecting 
products and process may have unintended negative impacts on human health and the 
environment. The exposures to cleaning chemicals can cause dermatitis, endocrine and 
neurological effects, cancer, asthma, and other respiratory disorders [13,14]. Cleaning chemicals 
may contribute to the pollution of outdoor air and water supplies, damage to ecosystems, 
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bioaccumulation in animals and plants, and ozone depletion [14]. This has shown that 
conventional cleaning has contributed to emit volatile organic compounds (VOCs) and result in 
the presence of indoor air contaminants and health impairment. It should not be ignored that 
increasing use of any conventional cleaning chemical will inevitably have an environmental 
impact. Therefore, it is very important to go into in-depth about a proper cleaning aspect to be 
implied for buildings in general. This is the point where eco-friendly cleaning or also known as 
green cleaning takes place. 
 
Concepts of Green Cleaning 
The principle that effective cleaning with high-quality detergents across all-non critical touch 
surfaces is as effective as the widespread systematic or abusive use of cleaning and disinfectants 
is known as “Justified Disinfection” [15]. A cleaning and disinfecting should only be used when 
and where it is useful and relevant. One commercial cleaning manufacturer, InnuScience has 
emphasised that over-relying on cleaning and disinfectants risks a negative impact on the 
environment rather on effective cleaning using high performing detergents [15]. Since the 
conventional cleaning products and process represents a huge problem for people and 
environmental health, this can be achieved in the form of selecting products which do not cause 
harm to the environment. Concerned about the adverse human and environmental effects of 
traditional cleaning practices, many organizations nowadays have been increasingly adopting 
green cleaning or sustainable cleaning practices. Green cleaning is different from conventional 
cleaning. A green and effective cleaning process can be a critical component in helping the 
building to function with a greater operational and financial efficiency. 
Green cleaning is a cleaning to protect health without harming the environment [16], or “the 
efficacy of infection prevention and control towards effective products with the fewest adverse 
effects on human health and the environment”, or “maintaining and improving cleanliness and 
supporting infection control while protecting workers and the environment from the risks posed 
by cleaning materials and processes” [17,18]. Basically, green cleaning refers to the usage of 
environmentally friendly cleaning procedures and products which are intended to preserve the 
quality of the environment (reducing use of chemicals, water and energy) and human health. 
Unlike conventional cleaning product and process that are known to contribute to health 
problems such as eye, skin and respiratory irritation as well as asthma and other allergic 
reactions, which can lead to occupant complaints and hurt attendance and productivity. 
Therefore, green cleaning is important since one of the crucial factors is the potential harm that 
can be caused by traditional cleaning chemicals. Green cleaning is one of the sustainability 
integrations [19– 21] where it minimizes the impact of cleaning on people and the environment 
but more importantly, it is a process, not a mere product. Green cleaning definitions incorporate 
environment, economy and social aspect as highlighted in table 1. 
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Table 1. Definitions of green cleaning 

Definition(s) Defined 
by 

Aspects 

A cleaning to protect human health 
without harming the environment, using 
processes and benign products while 
ensuring cleaning is conducted for the 
health of building occupants janitorial 
cleaning staff and the 
environment. 

[22] Environment, 
Social (human health), 
Economy (benign products) 

A promising approach to environmental 
cleaning that aims at reducing harm to 
human health and the environment while 
maintaining or 
improving the hygiene of the environment. 

[15] Environment (improve hygiene), 
Social (human health) 

A cleaning to protect health without 
harming the environment and it is about 
effective cleaning to create healthier 
buildings and at the same time reduce 
environmental impacts. 

[23] Environment, 
Social (protect health) 

The elimination of toxic cleaning products 
in favour of substitutes that are less harmful 
to human health and the environment, or 
even harmless, as well as can reduce 
maintenance costs, protect the 
environment, safeguard the health of 
workers and building occupants, and 
improve indoor air quality. 

[24] Environmental,  
Economy (efficiency of resources 
use),  
Social (human wellbeing) 

 
In Malaysia, research and practice of green cleaning is still in its infancy. A growing body of 
evidence has documented that comprehensive green cleaning programs have led to significant 
savings on energy, water, chemicals and waste. Not only that, green cleaning programs also 
interests in reducing illness and injuries to custodial staff as well as workers’ compensation costs. 
However, to this day, there are no specific guidelines or specific regulations for green cleaning 
in Malaysia [18,20,25]. In addition, the Green Building Index (GBI), is the Malaysian 
environmental rating system that aims to evaluate the environmental design and performance 
for new and existing buildings in Malaysia. This rating tool has yet to state any requirement 
specifically for green cleaning in their assessment tool. Thus, it is not only relevant and 
significant to discuss and explore the benefits of implementing green cleaning, but also important 
to understand the concept of green cleaning implementation and how green cleaning can 
contribute to achieving a better building performance on post COVID-19. 
 
Benefits of Green Cleaning 
The goal of green cleaning is to protect the health of building occupants, visitors and cleaning 
personnel, as well as reducing polluting effects on natural resources [29]. “Green” and 
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“Sustainability” are closely related. The concept of sustainable green cleaning has evolved 
essentially is the use of green cleaning tools, cleaning solutions and equipment [30]. Considering 
this, that make facilities greener and healthier, have reduced impact on the environment, 
promote and ensure environmental, social and economic benefits and reduce the use of natural 
resources of all kinds. Thus, the sustainability of a building is directly influenced by green 
cleaning. 
 

Table 2. Benefits of green cleaning implementation 

Aspects Benefits Authors 

Social 1) Provide a safe and healthy environment to 
occupants and janitors 

2) Improve occupants’ and janitor’s 
performance and productivity 

3) Enhance organizations’ image 

4) Reduce absenteeism and sick leave 

[18,19,24–27] 

Environmental 1) Improve indoor air quality (IAQ) 

2) Reduce waste 

3) Reduce environmental pollution from chemical 
use 

4) Reduce the excessive use of resources such as 
energy, water and chemical 

[18,20,26,28] 

Economic 1) Reduce operating cost due to the reduction of 
energy consumption, water and cleaning product 
usage 

2) Reduce medical expenses due to higher rates of 
injury and illness. 

3) Increase the value of the building and rental 
income. 

4) Reduce cost to purchase cleaning product due 
to efficient usage. 

5) Reduce the cost of repairing or replacement in 
long term 

[18,20,24,25] 

 
According to the table 2, many researchers have agreed on adopting green cleaning will have a 
positive impact on the economy, society and environment primarily in this time of pandemic 
crisis. Green cleaning means more than using “green” products [21] and it is not a merely using of 
the products. Instead, a thorough process and equipment also should be included in the green 
cleaning programme. A study conducted by [16] appears that only 1% out of 16% respondents 
perceives green cleaning as a practice of selecting and using appropriate cleaning products, while 
omitting other important aspects of green cleaning such as operational optimization and building 
design. This is also supported by a study that with proper cleaning and disinfecting surroundings 
with the commonly touched objects helps prevent the spread of all contagious diseases, including 
COVID-19 [29]. A proper usage of these products should be followed carefully in order to 
successfully cleaning an area in a green way.  The use of green cleaning products without 
guidelines or a proper procedure causes negative consequences such as waste of products and 
can damage the surface which negates the aim of the green cleaning. This is supported by studies 



International E-Conference on Green & Renewable Energy (2020: Sarawak) E-PROCEEDING  
e-isbn: 978-967-12140-8-4 

 
 

54 

 

that unskilled cleaning workers are one of the results from the mishandling of cleaning chemicals 
[25,26]. A successful green cleaning process should consider strategies, sustainability practices, 
green cleaning equipment, a commitment to indoor air quality, green cleaning chemicals and so 
forth that demonstrate a solid commitment to a green cleaning programme [30]. 
Since COVID-19 is highly transmissible and can spread quickly through a community, it is 
important to increase the amount of times to clean and disinfect household surfaces in order to 
decrease transmission in every safe way possible. This is because, according to a study from 
National Institutes of Health, scientists found that the COVID-19 is stable for several hours to 
days in aerosols and on surfaces. The results from the study suggest that people may acquire the 
virus through the air and after touching contaminated objects [31]. Therefore, preventive 
measures should be taken seriously to prevent the COVID-19 to spread in the households. For 
example, after returning home from outing, or after leaving a public space and workplace or 
even after caring for someone sick, wash hands with soap and water especially before touching 
face and eating or preparing food [32]. Use a hand sanitizer if there is unavailability of soap and 
water. After unpacking the groceries, wash hands again and clean kitchen surfaces such as 
countertops, any handles or switches. Nevertheless, more frequent cleaning and disinfection 
may be required based on level of use. For example, surfaces that are frequently touched by 
multiple people, such as door handles, desks, phones, light switches, and faucets should be 
cleaned and disinfected daily. Furthermore, certain surfaces and objects in public spaces, such 
as shopping carts and point of sale keypads, should be cleaned and disinfected before each use. 
It is important now to make sure cleaning and hygiene precautions are not just being done but 
being carried out correctly to ensure effectiveness. In addition, training that covers the cleaning 
and disinfection and the proper use of protective equipment is vital since using improper 
methods or products can spread the microorganisms that are responsible for infections [33]. 
Proper selection and use of green cleaning products can help safeguard the health and safety of 
building occupants and the planet. Proper cleaning and disinfection are the next primary layer 
of defense from COVID-19. 
 
Post COVID-19 
Undeniably, COVID-19 has transformed the lives of humans everywhere. People are now much 
more aware on the importance of cleaning and of the environment in which it translates into the 
way where their cleaning products should not contribute to harming the environment. By 
implementing the best practices of green cleaning into daily routines, a habit that help reducing 
the COVID-19 to spread or other seasonal diseases as people look to the future. It is also essential 
for the people to change the ways when using public spaces to work, live and play. More 
precautions are taken by people and organizations where the high use surfaces are cleaned more 
frequently especially on other surfaces in heavily trafficked areas. The significant behavioral 
changes during the ease of restrictions in Malaysia, the people continue to wear cloth face 
coverings and social distancing specifically staying six feet away from others in a shared place. 
Also, installing hand sanitizing stations across the entrance of almost every office buildings and 
commercial buildings. The people are forced to adapt to these changes due to this pandemic for 
their own safety and the safety of others. One of the notable changes adapted today are to always 
keep clean and washing hands frequently with hand sanitizers or soap which is very effective in 
helping to prevent COVID-19. This is an invaluable life lesson for the people to prioritize 
personal hygiene in all circumstances even after this pandemic subsides. These adaptations and 
changes are considered as our “new normal”. Cleaning of visibility dirty surfaces followed by 
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disinfection is a best practice measure for prevention of COVID-19 and other viral respiratory 
illnesses in households and community settings [6]. In the event of post COVID-19, cleaning 
workers are still on the front lines of fighting this global pandemic. It is because they are 
responsible for deep cleaning, disinfecting and scrubbing the surfaces that are hosts of potentially 
dangerous germs and viruses. Thus, this stresses that it is very important to obtain knowledge 
about the process and procedure to handling and managing the green cleaning products. The 
vulnerability of people exposed to cleaning chemicals is a critical consideration. In the interest 
of the occupants and those with vulnerabilities, it is important for the facility management to 
consider initiating a productive building with green cleaning programme. A building manager 
needs to ensure that such products are actually efficiently used and well managed [26]. Thus, it 
is important to implement green cleaning practices as it reduces the detrimental impact of 
conventional cleaning on the environment and to the people that are most exposed to the 
harmful chemicals.  
 
 

CONCLUSIONS 
 
This paper has discussed the benefits of green cleaning implementation during and post COVID-
19 pandemic. Cleaning is a mainly part of the toolkit that is required to reduce the spread of the 
COVID-19 pandemic. Green cleaning aims at balancing and addressing multiple needs [34] such 
as environmental cleanliness for infection prevention and control, environmental impact, human 
health effects and so on. The efforts of green cleaning programs are beneficial for sensitive 
populations which is vital during this unprecedented time. By taking on COVID-19 cleaning and 
disinfecting jobs by the cleaning workers that are exposing themselves to facilities where the 
virus may be living, they are putting themselves at a heightened risk. Utilizing conventional 
chemical cleaners and disinfectants for this job involves prolonged exposure to the chemicals 
which comes with a potential toxicity risk. Moreover, switching to green cleaning not only good 
for health and the wellbeing of people but also prevents unnecessary chemicals from being 
released into the environment. These are the reasons why green cleaning process is relevant and 
should be taken into consideration during this COVID-19 pandemic.  It involves the selection 
and use of cleaning products as well as operational changes and building design. Many researchers 
have acknowledged on the importance and benefits of green cleaning and its integrations with 
sustainable goals. However, limited research has been done on the proper procedures in 
implementing green cleaning programme and there is no standardized and specific standard or 
regulations for green cleaning in Malaysia. This lack of readily available data clearly indicates a 
need for research in this area, but may also pose a challenge for research. Thus, an urgent need 
is to conduct a further research on the green cleaning that incorporate the processes and 
procedures or components and requirements according to the standard that should be prescribed. 
By better understanding the value of green cleaning, its operations, components and 
requirements, the facility manager teams can leverage sustainability to improve overall health 
and cleaning efforts, reduce costs, extend buildings’ longevity, and ultimately, have a positive 
impact on the bottom line especially in the event of unprecedented times as COVID-19 
pandemic. 
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ABSTRACT 
 
Micro-hydrokinetic river (MHR) system is one of the promising technologies to be used for 
remote rural electrification. It simply requires the flow of water instead of elevation or head, 
leading to expensive civil works. It also demonstrates an economic benefit offered by a MHR 
system when compared to the commonly used systems such as solar, wind and diesel generator 
(DG) at the selected study site. A novel technique of estimating the daily average water velocity 
data in unregulated rivers is proposed. The modelling of regression equation for water velocity 
estimation was performed and two regression model equations were generated to estimate both 
water level and water velocity on-site and proven to be valid as the coefficient of determination 
values (R2) had been 81.7% and 81.4% respectively. The daily average water level from river 
Dindima River was measured concurrently for two months (94 samples) as training data. Both 
datasets were analysed using the regression analysis method. Eight regression models were 
selected and analysed. The quadratic model equation was however chosen due to its significant of 
correlation (P) less than 0.01 as well as collinearity. The river showed that the rising water level 
at downstream is linearly proportional to the rise in water levels at the upstream of the river. 
Nevertheless, the relationship between water level and water velocity at the project site is proven 
to be non-linear when a quadratic curve was applied. The combination of both regression model 
equations can be used to estimate long-term time series water velocity data for unregulated river 
in remote areas. 
 
Keywords: Hydrokinetic; Energy assessment; Unregulated river; water velocity; Regression 
Analysis; modelling; River Dindima. 
 
 

INTRODUCTION 
 

A solution to remote rural electrification is made possible by means of approaches/techniques 
such as grid-extension, diesel generator (DG) or a small-scale off-grid renewable energy system. 
However, grid-extension for small isolated remote areas can be expensive. Harnessing 
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hydrokinetic energy is similar to converting wind energy into electrical energy. It generates 
electricity by making use of underwater wind turbines to extract the kinetic energy of flowing 
water instead of the potential energy of falling water. Hence, no construction of dams or 
diversions is necessary; it therefore creates a minimal environmental footprint [Mosallat, 2012; 
Van et al, 2011].  
To improve the living condition of rural residents, there is a need to discover a reliable and low 
cost electrification method. Considering all renewable source, micro-hydrokinetic system 
emerged as the most official and cost-effective approach as a solution for remote areas 
electrification, especially in small villages located at hilly terrains. 
The aim of the research is to estimate the water velocity of an unregulated River for micro-
hydrokinetic potentials for rural residents not served by the grid and are close to proximity to 
flowing water.   
The objectives of this study are firstly, to estimate the water level data at Dindima River by 
employing the regression analysis method.  Secondly, to validate the regression equation model 
by using the highest value of coefficient of determination (R2) and the significant coefficient of 
correlation (p) less than 0.01. Thirdly, to estimate the water velocity data at Dindima River by 
employing the regression analysis method. 
 
Study Area 
Dindima is a village found in Duguri district of Alkaleri local government area, Bauchi state. The 

study area is enclosed in a circle in figure 1.  Its geographical coordinates are 100 30 13″ North, 

100 170 27″ East. Rainfall start around April/May with its peak in August and end by October 
while flood occurs during the raining season (July to September). The settlement is found very 
close to the river, also it is primarily used for irrigation, fishing, etc. The basic occupation in 
Dindima is farming.  
 

 
Figure 1. Map of the study area (© Alkaleri Local Government Council). 
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Theory 
The regression analysis method has been used to determine the relationship of water levels the 
study site and a reference site (Dadin-Kowa dam) by using the mathematical model equation 
shown in equation 1. The regression analysis incorporates five types of regression, such as Linear, 
Logarithmic, Quadratic, Cubic and Exponential curve type.  
The regression model equation for this study had been selected based on two criteria outlined by 
Bhat et al, 2014, which are the highest value of coefficient of determination (R2) and the significant 
coefficient of correlation (p) less than 0.01, in regression simulation results represented as (Sig. 
< 0.01).  
The regression model is considered as the best fit model if the value of the coefficient of 
determination (R2) value exceeds 70% (Liu, et al, 2003). It is expressed as equation 1. 

 R2 = 1-
∑ (𝑦𝑖−𝑦̂𝑖)2𝑁

𝑖=1

∑ (𝑦𝑖−𝑦̅)𝑁
𝑖= 2

                          (1)  

Where N is the number of observations in the model, y is the dependent variable, y-bar is the 
mean of the y values and y-hat is the value predicted by the model. 
 
 

MATERIALS AND METHODS 
The following materials were used: 

Driftwood (250g) - This is used for estimating the velocity of the river. 
Digital weighing balance - This is used for measuring the mass used on-site. 
Field notebook - It is used for recording data on-site. 
Tape - It is used for taking measurement from point A to point B. 
Stop watch - It is used for taking time (duration) in seconds. 
Meter stick - It is used for measuring the depth of the river.  

The methods adopted were modified after Saupi et al., (2018) as illustrated in figures 2 and 3. 
Stage one compare the daily average water level data on-site and the actual water level data 
accumulated from Upper Benue River Basin from Dadin –kowa Area Office to establish any 
correlation. Stage two estimates daily average water velocity data on-site throughout the year by 
using the actual water level data from the site itself.  
The regression analysis method was used to identify the relationship between water velocity and 
water level on-site, thus providing the regression model equation by adhering to the flowchart 
illustrated in figure 3. Finally if validated, the long-term time series of the daily average water 
velocity data on-site can been estimated throughout the year by using the daily average water level 
data. 
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Figure 2. Flowcharts to estimate water level at Dindima River (on-site). 
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Figure 3. Flowcharts to estimate water velocity at Dindima River (on-site). 
The daily average water level data were measured on-site by measuring the depth on daily basis 
for two months (47 days). The water level data had been taken twice a day at 7:00 a.m. and 5:00 
p.m. daily average water level data was obtained.  
The accuracy of water velocity measurement in unregulated river demands special equipment that 
can only be operated by experts such as Acoustic Doppler Current Profile (ADCP). However, 
due to the absence of such instrument the Surface Floating Method (SFM), was used to measure 
water velocity data on-site as it is the most economical way for collecting data, which can be 
handled by workers without specific skill and the data could also be collected throughout the year, 
even during flood season (Kunaifi, 2009). A driftwood of 250g was placed at a point A and 
allowed to drift with the flow direction to point B which is 2 meters apart from point A (Figure 
4). From the time interval, the velocity was then be computed. 
 

 
Figure 4.  Measurement of water velocity data using Surface Floating Method. 

 
 

RESULTS AND DISCUSSION 
 

Correlation Analysis 
Based on the result (Table 1), water level data on-site showed poor relationship with the reference 
site for the period of study hence regression analysis process was dropped for those set of 
variables. Conversely, there exist a strong correlation of 81% and significant P-value of 0 which 
suggests strong relationship between the water level and water velocity on-site. Therefore, it can 
be interpreted that the increment in water level can significantly hike the water velocity on-site. 



International E-Conference on Green & Renewable Energy (2020: Sarawak) E-PROCEEDING  
e-isbn: 978-967-12140-8-4 

 
 

64 

 

Since the parameters showed strong relationship between each other, they were retained for the 
next process that involved regression analysis modelling. 
 

Table 1. Correlation results among variables 

 
 
Estimation of Water Velocity using Regression Analysis Method 
The regression analysis was performed and involved eight types of regression models, as 
illustrated in figure 5 and table 2. The dependent variable is the velocity (v) while the independent 
variable is the water level (WL). The regression model of linear (57%), logarithmic (37%), 
inverse (21%), compound (59%), power (38%) and exponential (59%) showed the lowest R 
square values. That of quadratic (75%) and cubic (76%) exhibited the highest R square values 
however the quadratic model equation was chosen due to its significant coefficient of correlation 
(p) less than 0.01 as well as its colinerity. 
 

Table 2. Model summary and parameter estimates. 
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Figure 5. Analysis result of eight types water velocity regression models. 

 
The developed quadratic model equation is therefore according to equation 2. 

𝑣 = 5.9 − 3.19𝑊𝐿 + 0.45(𝑊𝐿)2        (2) 
Where v is the water velocity in meter per second (m/s) and WL is the water level in meter (m). 
 
Validation of Water Velocity Regression Model 
By applying the model we obtained in equation 2, the estimated water velocity data on-site 
recorded from September, 2019 had been generated. At the time of measurement of actual water 
velocity data on-site, the validation of the regression model had been carried out concurrently, as 
illustrated in figure 3. 
The plots according to figure 6 showed a very good fit between the estimated and actual velocities 
moreover correlation analysis carried out gave a correlation coefficient of 0.99 thus validating our 
results and confirming the model. 
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Figure 6. Variance between estimated and actual water velocities on-site. 

 
 

CONCLUSION 
 

1. The Dindima River showed that its rising water level has no relationship with the Dadin-kowa 
River. Nevertheless, the relationship between water level and water velocity at the study site 
is proven to be non-linear when a quadratic curve was applied.  

2. The standard of procedure proposed is proven to be adequate and reliable for predicting the 
daily average water velocity data throughout the year for unregulated rivers especially in the 
remote area of Akko Local government and environs. 

3. The ability to estimate such water velocity data offers opportunities and encouragement to 
other researchers to continue studies pertaining to hydrokinetic power generation systems, 
particularly for remote area electrification in Dindinma village and surrounding villages. 

4. This procedure is also highly recommended to be extended to other remote area rivers around 
the country especially for sites with limited water discharge and rainfall data. Furthermore, 
this method is much cheaper, safer and does not require the specific skills for data 
measurement on-site. 
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ABSTRACT 
 
This paper presents the impact of green spaces on property values in Malaysia. Green spaces are 
any place prepared with grass, flowers, trees, benches, gardens, parks and playgrounds, or 
meadows or other decorative or urban furniture elements used as decoration or for public uses. 
It is now assumed that sustainability indicators for urban planning will provide more criteria for 
urban green spaces, as well as indexes representing the community’s satisfaction and perception 
of their living environments. In addition to the many economic, ecological and psychological 
benefits, urban green spaces will play a very important role in the creation of sustainable 
communities. Areas that are distinguished by a rise in the green coverage rate may help people 
transition to a healthier lifestyle. Many people prefer to choose eco-friendly houses due to the 
health and well-being of the occupants. The most important is in the reduction of operating 
energy and water costs from day one and for the entire life cycle of the building. Buying a house 
is a major decision that homebuyers will make because expenditure on homeownership has an 
influence on the homeowner’s quality of life. This paper discusses the benefits of urban green 
spaces based on sustainability aspects, the physical, social and economic dimensions and the 
impacts of green spaces towards property values. The paper aims to attempt sustainable green 
spaces evaluation criteria to examine the interaction between urban green spaces and their 
community to get most of their benefits. This study employs an approach to distributing a 
questionnaire to the respondents and optimize the use of descriptive analysis. The results revealed 
that although green spaces have many positive impacts in terms of environmental, ecological and 
psychological and also as an important role in sustainable community development, it shows that 
location and accessibility are the most factors that give more impact on property values. 
 
Keywords: Urban green spaces; community development; sustainability; property values. 
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INTRODUCTION 
 
The importance of green spaces and its value have captured the attention of many levels of people 
including government, local authorities, developers, planners, buyers of property, residents, and 
so on. Park can create more attractive places for our cities and neighborhoods to live and work. 
Green spaces offer various opportunities to benefit individual, social, economical and 
environmental. Green spaces, for instance, offer individual opportunities to enrich the quality of 
life of all ages and abilities. that park and landscape are now one of the most important points of 
sale and have become a tool for developers to attract prospective buyers. Therefore, by 
introducing elements such as natural, green spaces and park allocation to their design, current 
developers who have noticed such demands tend to improve the value of their property [1]. 
Although many agree that park is important, some developers tend to give the development of 
park a basic guideline approval. There is a severe lack of park space in many of their housing 
developments.  
This paper has two goals in line with the above-mentioned issues. The objectives are to determine 
park related and non-park related factors that affect the value of houses and to identify the 
importance of parks to the house residents. There are many and varied park values for 
communities. One of the advantages is to improve the environment. Park areas with many trees 
generally contribute to the preservation and purification of the environment. By creating shades, 
trees in parks, or green spaces can help lower the temperature. Park also contributes to air 
pollution reduction and pollutant reduction [2]. Park can also serve a social function by providing 
a meeting place to develop social ties and setting for people or residents. Through outdoor 
education, the existence of parks in urban areas introduces people to nature. Another advantage 
is economic [3] besides the crime is lower when the park exists [4]. Thus, settings in which there 
are more trees and vegetation in housing residents can inhibit crime, aggression and violence. The 
availability of recreational opportunities, consideration of alternatives in the types and locations 
of the park is an important factor in the quality of life for businesses who choose where to live 
and for individuals who choose a place to live [5]. For housing, if it is adjacent to the parking area, 
the value of the house may increase. Previous research has shown that parks can also improve the 
sense of well-being. The park users finding themselves considerably healthier than non-park users 
[6]. People with regular physical activity benefit from reduced risk of heart disease, hypertension, 
and weight loss. The significant impact of urban green spaces on real estate prices is confirmed by 
numerous studies carried out over the last few decades. A valuable overview of the literature 
concerning this issue was provided by Crompton [7]. Among 30 studies was analysed, there were 
only five not supporting the proximity principle for example that having a park nearby raises 
property prices [7]. One of the first studies related to this problem was conducted in the USA in 
1960. Due to the applied methodology, however, the results were not consistent. The research 
carried outshowed that the benefits of an attractive location, such as on the shoreline, may 
contribute to the growth in the value of the property [8]. In another study, no and uniform 
influence of the neighborhood of recreational areas on real estate prices was observed By the 
analysis of literature, the studies conducted so far may be arranged by considering first the applied 
research method, and then the type and size of green spaces and the kind of property.  
Research has shown that the degree of influence depends on the type of green spaces that property 
borders and on the distance from these areas [9]. It has also been pointed out that the degree to 
which a park influences its neighbourhood is dependent on its attractiveness, extra facilities and 
landscape [10]. Studies also differ regarding the type of properties for which the influence of green 
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spaces on prices was examined. Some studies deal with the impact of green areas on the prices of 
flats [11]. Although many of the benefits associated with public green spaces appear to be obvious 
and easy to describe, they are often much more difficult to quantify. Green spaces in urban and 
suburban areas have traditionally been equipped with public amenities that do not have a fixed 
market price, but it has become increasingly common to measure them in terms of their monetary 
contributions to their surrounding communities. According to Nicholls 2005, there is also a need 
to turn the many assumptions about the intrinsic benefits of green spaces into concrete 
quantitative assessments of their importance. Recent trends towards increased land development, 
particularly in urban areas, make it important to be able to determine the economic values of 
public parks and green spaces in order to ensure their existence and designation. Early literature 
supports the idea that green space triggers a rise in property prices because homeowners and 
tenants are willing to pay more for the perceived advantages of living close to green space 
(Crompton 2001). Since green space provides many different benefits, such as environmental, 
leisure, transport, aesthetic and health-related, there is no single method for calculating all such 
benefits at the same time (Nicholls 2005). However, the influence of green spaces on residential 
property values is very difficult to measure due to the complex relationship between house prices 
and environmental factors (Hui et al. 2007). Environmental factors are what people would 
consider before buying a car. House and such factors are expressed in property prices, such as 
noise, air quality and the accessibility of green spaces (Freeman 1979; Tyrvainen 1997). They 
concluded that residential properties with good tree cover could increase the overall selling price 
by as much as 6 percent to 9 percent. Anderson and Cordell (1988) surveyed 844 single-family 
residential properties in Athens, Georgia, USA, and found that tree-lined landscaping was 
correlated with a 3.5 to 4.5 per cent rise in sales prices. In addition, Luttik (2000) studied almost 
3000 house transactions in eight towns or regions in the Netherlands and found that a nice view 
could lead to a significant increase in house prices, especially if the house overlooks water (8 
percent to 10%) or open space (6 percent to 12%). Based on these previous research, Crompton 
(2001, 2005) suggested that a positive 20 per cent effect on the abutting or fronting properties of 
a passive park was a fair guideline.  Since urban green space has a positive impact on property 
values, but how far does this effect reach? Based on the sales data for terraced houses in Salo, 
Finland, Tyrvainen and Miettinen (2000), distances of up to 600 meter had a major positive 
impact on housing prices.  If the distance was more than 600 meter, the impact on the price was 
not statistically significant at 5%. Bolitzer and Netusil (2000) have discussed this problem using 
data from Portland, Oregon. Other than that, strong social connections within the urban 
community may promote an atmosphere that is linked to connection, sense and intention, while 
lack of integration can lead to feelings of hopelessness, raising the risk of depressive symptoms 
(Abada et al., 2007). A sense of community between urban residents provides an opportunity to 
get to know their communities and friends in the city.  
 
 

METHODS AND MATERIALS 
 
Research methodology discussed the structure of the research. It helps to well understand the 
basic stages of methodology that have been carried out thus can achieve the objectives of the study. 
To achieve the objectives of the research, several techniques were employed including a review 
of the research area, literature review and a survey of residents living in proximity to the park 
that used qualitative methods. 
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Research Area: The research area comprises the residential area in Kuala Lumpur, Malaysia. The 
map of peninsular Malaysia is shown in figure 1. Kuala Lumpur residential area is chosen because 
it is a strategic area. The residential area also contains a variety of green spaces such as 
neighborhood parks, pocket parks, playgrounds and many more. 
 

Figure 1. Map of Peninsular Malaysia 
 
Literature Review: In this regard, the literature review is considered as part of the document 
analysis. It plays an important role as it provides background information that provides a link with 
the analysis stage. The authors have done some research on the definition, types and benefits of 
green spaces towards the community. A wide range of documents such as planning guidelines, 
government reports, plans, and journals related to green spaces and property values were referred 
to, such as the planning guidelines for recreational and open space [12]. Other essential sources 
include the Property Market published by the Valuation and Property Services Department 
(JPPH) under the Malaysian Ministry of Finance. In relation to the subject's concern with the 
research, numerous studies elsewhere use various techniques to investigate the impacts of green 
spaces on property values. Among others, they used Hedonic Analysis and contingent valuation 
is widely investigated by many researchers. 
Qualitative Survey: This survey was used to ascertain residents’ perceptions of the values of the 
park to the house residents. Survey techniques are widely and often used in descriptive and 
explanatory research [13]. The survey was administrated within one month using questionnaires. 
The total number of respondents involves in this survey are 106. The questionnaire is designed 
and presented in written form. Each respondent was asked to read the questions themselves and 
mark answers on a questionnaire. This analysis was conducted using descriptive analysis and cross-
tabulation in order to achieve the research objective. All given answers are analyzed and formatted 
into percentages and tables format. The convenience non- random sampling was applied as this 
method refers to the situation whereby not everyone has an equal opportunity to be selected as 
samples (Shamhuri, 2004). In this regard, the basic criterion was the respondents are the house 
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owners. As such, the non-house owners were disqualified to participate in the survey. In obtaining 
the main primary data, the main source of information was the house owners because they have 
a major role in addressing the current issues pertaining to the impacts of recreation areas on 
property values. The questionnaire was divided into three (3) sections. Section one (1) consists 
of the demographic background of the respondents while section two (2) covers the factors that 
affect house values while the last sections include the importance and values of the park to the 
house residents. The questionnaire contains structure, close-ended and Likert scale questions. 
The analysis using the Statistical Package for Social Science Research (SPSS) software will evaluate 
which value and the impacts of green spaces on residential property values. 
 
 

RESULTS AND DISCUSSION 
 
The results of this study show that in terms of the gender of respondents, 69.8% of them are 
female represent 74 respondents and 30.2% are male with 32 over 106 respondents with most of 
the respondents’ age is between 18-30 years old. The highest races of respondents were Malaysian 
represent 93.4% of respondents while the least races who responded to this survey come from 
the Chinese group where 0.9%. The other 5.7% represent 6 respondents are from Indian and 
Sabah and Sarawak. Most of the respondents with bachelor’s degree holders as the highest 
percentage for educational background. It shows that 56.6% represents 60 respondents are still a 
student and followed by 21.7% percent (23 respondents) are work in the private sector. The 
lowest number or percentage of respondents with 0.9% (1 respondent) for others represents a 
retired respondent. In terms of monthly salary, the majority (57.5% represent 61 respondents) 
received are no income. Table 1 shows a summary of the result of the socioeconomic of 
respondents. 
 

Table 1. Result for Socioeconomic of Respondents 

ANALYSIS OF TOTAL PERCENTAGE FOR SOCIOECONOMIC OF 
RESPONDENT 

Gender (%) Ages (%) Races (%) 

Male 30.2 18-30 years old 93.4 Malay 93.4 

Female 69.8 31-39 years old 3.8 Chinese 0.9 

40-49 years old 0.9 Others 5.7 

> 50 years old 1.9 

Educational 
Background 

(%) Occupation (%) Income (%) 

SPM 5.7 Student 56.6 No Income 57.5 

Diploma 17.0 Public Sector 7.5 Below 
RM2,001- RM3,001 

24.5 

Bachelor ‘s 
Degree 

73.6 Private Sector 21.7 RM3,001-RM4,001 11.3 

Master 0.9 Self- 
Unemployed 

5.7 RM4,001-RM5,001 5.7 

PHD 0.9 Unemployed 7.5 Above RM5,001 0.9 

Others 1.9 Others 0.9 
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Table 2 below shows the result of the frequency of visiting green spaces, purpose of visiting and 
their opinion on benefit of green spaces.  
 

Table 2. Result for Opinion of Respondents 

RESULT OF TOTAL PERCENTAGE FOR RESPONDENTS’S OPINION 

Frequency 
of 
Visiting 

 
(%) 

Purpose of 
Visiting 
Recreation 

 
(%) 

What do you think 
about the recreation 
areas? 

 
(%) 

1-3 times a week 24.5 For leisure and 
recreation 

6.7 Can reduce health 
inequalities, improve well- 
being and aid in treatment of 
mental illness 

82.1 

3-5 times a week 4.7 Reduced stress 22.6 Improve self-esteem 4.7 

Twice a month 58.5 For family 
bonding 

9.4 Build family unity 8.5 

Others 12.3 Others 0.9 Promote sensitivity to 
cultural diversity 

1.9 

Others 2.8 

 
From the table above, it shows that most of the respondents visit the recreation areas only twice 
a month with the total percentage is 58.5% (62 respondents) and the least total percentage is 
12.3% represent 13 respondents said that they visit the recreation areas rarely. Recreation is an 
essential part of human life and finds many different forms that are naturally shaped by individual 
interests, but also by the social construction that surrounds it. Recreational activities can be active 
or passive, outdoors or indoors, healthy or harmful, and useful for society or detrimental. A large 
portion of leisure activities is known as interests, which are activities undertaken daily for fun. 
The most purpose of respondents visiting the recreation areas is for leisure and recreation such as 
reading, playing or sports, resting, relaxing and enjoying life with the total percentage is 67% 
represent 71 respondents voted for this purpose. Besides, 22.6% (24 respondents) said that more 
time spent in recreation areas will help them fight against mental health problems such as 
depression, anxiety, and stress. 
Ensuring that more residents have access to parks or recreation areas and outdoor activities is a 
vital way to improve such good health and quality of life consequences on the city. Besides, the 
least of the total percentage of 9.4% represents 10 respondents who said that they go to the 
recreation areas for family bonding. In conclusion, we can see that most of the respondents visit 
the recreation areas for leisure and recreation. Visiting recreation areas or do some outdoor 
activities at the recreation areas lends itself to both physical and mental health benefits. In fact, 
the two are so linked that improving one directly improves the other. A previous study shows 
that there is a link between the built environment and the physical, social, and economic health 
of a community. Recreation areas can promote active lifestyles, build healthy communities, and 
lower health care. the results show that most of the respondents give their opinion towards 
recreation areas with the highest percentage is 82.1% represent 87 respondents said that it can 
reduce health inequalities, improve well-being and aid in the treatment of mental illness. That is 
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because, as we know, there are tons of plants that can give us some fresh air. Besides, 8.5% 
represent 9 respondents give their opinion that the benefit of recreation areas can build family 
unity and follow by 4.7% (5 respondents said it can improve self-esteem. The least result shows 
that 1.9% represent 2 respondents said it can promote sensitivity to cultural diversity. In a 
nutshell, green spaces have significant importance in the life of the settlements. The areas with 
high green-coverage rates have ecological and environmental importance. These green spaces can 
improve the urban climate, abate the urban heat-island effect by their ecological-balancer function 
and reduce environmental damages. Through their social importance, open spaces can help the 
residents in adjusting to a healthy lifestyle. By their aesthetic importance, they determine the 
character of the settlements, ameliorating the built-up character of the cities. 
 

Table 3. Result for Factors Affecting Before Purchasing A House 

Location and Accessibility 

 
 
Valid 

Ranking Frequency Percent (%) Cumulative 
Percent 

2 2 1.9 1.9 

1 104 98.1 98.1 

Total 106 100 100 

Facilities 

 
 

Valid 

Ranking Frequency Percent (%) Cumulative 
Percent 

3 16 15.1 15.1 

2 90 84.9 84.9 

Total 106 100 100 

Physical Environment 

 
 

Valid 

Ranking Frequency Percent (%) Cumulative 
Percent 

3 90 84.9 84.9 

2 16 15.1 15.1 

Total 106 100 100 

Developer’s Reputation 

 
Valid 

Ranking Frequency Percent (%) Cumulative 
Percent 

4 106 100 100 
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Refers to table 3, most of the respondents were rate for location and accessibility as the first (1st) 
ranking that need to be considered before buying a house. It shows about 98.1% represents 104 
out of 106 respondents’ rates for this feature is the most important one and only 2 respondents 
will look into location and accessibility as their second choice. After looking at the location, 
most of the respondents would be looking forward to the facility before purchasing a house. The 
table above shows that there are 90 respondents represent the second-highest percentage with 
84.9%. The physical environment as a third (3rd) ranked. It shows 84.8% represents has been 
the rate for this feature and 15.1% represent only 2 respondents’ rate these features as second-
ranking. Clean, healthy environments are important for people's physical and emotional well-
being. At a fundamental level, factors such as clean air are vital to people's physical health. Other 
environmental causes, such as noise pollution, can cause both physical and psychological harm. 
The developer’s reputation is the fourth (4th) ranking that has been selected by the respondents. 
The table above shows that 100% has been rate this feature as the last for their consideration in 
purchasing a property.  
So, from the result above, other that location, it can be seen that a green spaces are an essential 
element of urban neighbourhoods and make a profound contribution to the quality of life of 
communities. They offer many economic, social and environmental benefits. Approaching their 
planning and management strategically will maximise the value of capital investment and 
revenue expenditure. It’s benefits include illustrating the contribution to health agendas (eg. 
reducing stress levels, by providing formal and informal recreational facilities), raising air quality 
and moderating extremes of temperature, protecting and enhancing levels of biodiversity and 
ecological habitats, providing environmental infrastructure to improve water quality and flood 
control and it can improve physical and social inclusion including accessibility, particularly for 
young, disabled and older people. 
 
 

CONCLUSIONS 
 
In a nutshell, this research has addressed how recreation areas could influence property values 
or house prices. From the research findings, it can be inferred that the green spaces have many 
advantages and have many functions, no matter where it is situated, whether in rural areas, 
industrial areas, or the like. It can be seen how green spaces would attract property buyers, 
which the respondents thought would increase the demand for green space properties. That is 
because green spaces will minimise their energy usage, save resources or have a positive impact 
on the environment, it’s good to see that tenants consider the greenness of a building an 
important factor in their rental decision. Most buyers naturally prefer 'green' spaces with shady 
streets and lush gardens with large trees. In addition, trees can help cool their homes and protect 
them from strong winds, provide habitat for birds and beneficial insects. Environmentally 
friendly landlords may find themselves in high demand after recent research has shown that many 
tenants consider how environmentally friendly a building is when choosing a home, particularly 
those paying higher rents. These green spaces not only provide a range of outdoor activities, but 
also control the ambient temperature. In addition, green spaces, including gardens built on 
water and walls, have provided an effective solution to pollution in the area. Green spaces are 
important to a balanced lifestyle. Next, they exude a pleasant feeling, abundant in flora and 
vibrant colours. They give out pure oxygen because of the greenery. Moreover, with the city's 
buildings rising, there is now a shortage for open spaces. Green zones, such as gardens and parks, 
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also provide space for homeowners to socialise. They are also venues for informal events and 
provide a space for people to engage in recreational activities. Gardens and parks also act as a 
breathing space for senior citizens in society. From jogging to yoga and other fitness activities, 
residents can participate in a number of fitness regimens. Not only the elderly, but these green 
zones also give children the opportunity to take part in group activities away from the cages of 
smartphones. This finding may reflect the local context of the Malaysian community did not 
regard the importance of recreation areas in contributing to the house price even though 
experiences from other international cities recorded that the relationship could be considered 
as strong. Empirical findings indicate that the chosen construction of areas next to public spaces 
would increase the local tax base resulting from the capitalization factor for housing prices. In 
this regard, the economic impact in terms of increased housing values on which additional 
property taxes can be levied is an important policy aid. Property developers and city planners 
can also preserve or enhance property value by considering the type, size, and distance of 
housing to open space. For urban planning, these facilities are important for economic 
development decision-making and should be recognized as an integral part of understanding 
issues related to the growth of the highest and best use, urban sprawl and containment. The 
relationship and benefits of important social amenities, such as open spaces, are habitually 
understated or underutilized by urban planning policymakers. The findings also show that 
prospective buyers and residents appear to appreciate the function of green spaces. This 
understanding can also aid developers in the justification of greening projects and incorporating 
more green space into new residential development areas. Estimates of the effect of parks on 
home selling prices may be useful knowledge for municipal parks and recreation agencies looking 
to support the ongoing purchase of land in rapidly rising areas. 
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ABSTRACT 
 

In today’s era, companies are competing for talent and it is becoming a challenge for companies 
to attract and retain talents. Employee engagement can give positive outcomes to an 
organisation’s overall performance. Nevertheless, due to so many variables that can influence 
employees’ engagement; it presents a challenge to determine which factors should be given 
more focus and attention. Despite of that, “green living” has become increasingly popular 
nowadays and the way of living sustainably has to be practiced every day. This is because we are 
in a situation where our earth's resources are getting exhausted at a rate which surpasses the 
replenishment rate of resources. Green human resource management is much needed in 
organisations. By implementing green human resource management practices, organisations will 
be able to protect the environment. In return, this will give them a better brand image by 
portraying it as being socially responsible. Hence, it can attract more customers, eventually 
improving the organisation’s financial performance as well. Lack of understanding of the 
influence of employee engagement may cause decision-makers in organisations to lack the ability 
to take appropriate actions to improve employees’ engagement and performance in their 
organisation. Hence, the objective of this study is to investigate the influence of green human 
resource management practices on employee engagement with the moderating effect of 
transformational leadership in SMEs in Malaysia. This study aims to provide insights for 
managers to enhance employee engagement by identifying the green human resource factors 
that may influence employee engagement. On the other hand, this research is conducted to 
provide exposure to employers and their employees so that they will be more sensitive to the 
environmental issues.  
 
Keywords: employee engagement, green human resource management, transformational 
leadership 
 
 

INTRODUCTION  
 

These days, “employee engagement” refers to a common word for organisations and workers in 
Malaysia. Employers assert they are doing their best in motivating employee engagement, in the 
meantime numerous workers still carry on to complaint that they are not being engaged towards 
their job. People are important assets of an organisation. It is impossible for the organisation to 
function without people. Therefore, employees’ support towards the organisation is very 
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important for the organisation to achieve its goals, strategies, missions and visions. Without this 
support it is impossible for the organisation to have high performance and to achieve greater 
productivity. For achieving the organisation’s objectives, strategies, missions and visions, it is 
important for the employees to have commitment towards their job and the organisation as a 
whole (Macey & Schneider, 2008; Markos & Sridevi, 2010; Rich, Lepine, & Crawford, 2010).  
Organisations needed the support of their HR systems to enable them to be more 
environmentally friendly (Charbel José Chiappetta Jabbour & De Sousa Jabbour, 2016; 
Khurshid & Darzi, 2016). Hence, different approach to Human Resource Management (HRM) 
has progressed (Mandip, 2012).This new approach is known as “sustainable Human Resource 
Management”. This approach refers to the linkage of HRM and sustainability. However, 
“sustainable HRM” is not a new term, it has been around for more than ten years. This term has 
been used in many different means. It was used to mention social and human outcomes which 
contributes to sustainable company. Other than that, it is also used to mention HRM activities 
that contributes to positive environmental outcomes, which is known as Green human resource 
management (GHRM) (Kramar, 2014). 
Regardless of the increasing trend ever since 2012, employee engagement (EE) levels in Malaysia 
has dropped to 59 percent, based on the “2017 Trends in Global EE Report” from Aon, a top 
global professional services organisation that offers variety of solutions such as health, risk, and 
retirement. Based on the figure below, it shows that Malaysia still ranks between the lowest in 
the region, having lesser EE percentage compared to other neighbouring countries such as 
Indonesia and Philippines. 

 

 
Figure 1. Employee Engagement Scores. 

 
The problems faced by Malaysian SMEs such as employee turnover and low performance will 
cause the sector to be less competitive and may thwart good performance (Ghani, Kaliappen, & 
Jermsittiparsert, 2019; Haruna & Marthandan, 2017). It has always been a challenge for SMEs 
to keep their employees for a long term because of the size and lack of focus on managing 
employees (Wee, 2013). In a recent research conducted in Malaysia by Ghani et al., (2019, 
p.3), it is stated that “employee low work engagement has become the critical issue that needs 
to be resolved”. 
Salanova, Agut, Peiro, Salanova, & Agut (2005), Suan & Nasurdin (2014) and Tangthong, 
Trimetsoontorn, & Rojniruntikul (2014) mentioned that “HRM components play a strong role 
towards EE”. In reality, very limited studies are found drawing the relationship of HR practices 
on EE (Salanova et al., 2005; Suan & Nasurdin, 2014), especially Green HRM. In contrast to 
this, it has been stated by previous researchers such as Ahmad (2015), Jabbour & Santos (2008) 
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and Renwick, Redman, & Maguire (2013) that talented employees can be retained through 
green or environmental implementations in the organisation. This has been supported by 
Aggerholm et al., (2011) and Ooi (2017), stating that companies which take into consideration 
the impacts on the environment by the means of HRM practices will have competitive advantage 
over their rivals. Given the importance people place on the environment and sustainability and 
HRM practices, it triggered the needs to investigate whether Green HRM practices may 
improve employees’ engagement in SMEs. 
Therefore, through some adaptations of the works by Cheema et al (2015), (Jia, Liu, Chin, & 
Hu, 2018), as well as (Ghafoor, Qureshi, Khan, & Hijazi, 2011) this study has formed its specific 
research framework. The independent variables are based from the research done by Cheema, 
Pasha, & Javed (2015). Cheema et al (2015), stated that the best models of GHRM includes 
recruitment, selection, training and development, performance appraisal and compensation. 
The moderating variable has been selected based on the findings that transformational leadership 
has influence towards GHRM and EE (Ghafoor et al., 2011; Jia et al., 2018). 
 
   

LITERATURE REVIEW 
 

Employee Engagement (EE) 
Employee Engagement (EE) is about being passionate and committed to the organisation to help 
the organisation succeed (Macey & Schneider, 2008). EE gained its attention about twenty years 
ago. In the beginning, employers focused on employee satisfaction. Locke (1976), defines job 
satisfaction as "a pleasurable or positive emotional state resulting from the appraisal of one's job 
or job experiences", this has been commonly used in the research conducted during 1970s. 
Others have defined it as simply how pleased or satisfied an individual is towards their work; 
whether that person likes the work or not (Abou-Zaki, 2003). It has been noted by researchers 
that job satisfaction can be measured in two different contexts; feelings an individual has towards 
their work and cognition about the work. This is known as affective and cognitive job satisfaction 
(Kalleberg, 1977; Wright, 1997). Employers believed that employees who are pleased will 
eventually result in enriched process, improved productivity, and overall it will produce a better 
working environment. However, this proves not to be necessarily the case. For example, when 
employers allow their staffs to make calls that are personal and not work related while these 
staffs are working, allowing staffs to have conversation with their colleagues rather than finishing 
their work related tasks, and come to work late, might express job satisfaction but these 
behaviours does not bring benefits to the organisation. 
When focus on job satisfaction was not very fruitful for organisations, they moved towards 
paying attention to the commitment of employees. Employers desired to decrease their turnover 
rate by focusing on improving their employees’ faithfulness towards the organisation. The 
similarity of individual goals and the goals of the company can be defined as employee 
commitment. In which, the individual is able to identify with the company goals and he or she 
puts in effort in achieving the goals. There are differences between commitment and satisfaction. 
Commitment refers to a more global response towards a company. However, satisfaction in 
terms of work refers to an individual response to a specific work otherwise numerous aspects of 
the work (Bhatti & Qureshi, 2007). This is also supported by (Wiener, 1982), whereby job 
satisfaction is referred to as an attitude concerning the conditions and aspects of the work. Thus, 
commitment proposes the attachment of the employee towards the company compared to 
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specific jobs, environmental features, as well as the place where the jobs are done (Bhatti & 
Qureshi, 2007). 
Certain behaviours tend to display commitment. For instances, individuals who spends their 
time and energy to complete various responsibilities which includes work, family and personal, 
it shows their commitment towards it. Commitment has emotional and rational component. 
Emotional component is generally, when an individual tend to express positive feelings to a thing 
or other people whom they are committed to. Rational element is when it involves thinking 
carefully and then executing the actions to fulfil their commitments. Nevertheless, commitment 
cannot be guaranteed by using a single way. For example, when the economy is going through 
a difficult time, companies have no choice but to lay off their workers. However, these workers 
realised that they will have to seek for better opportunity rather than just being loyal to one 
company.  
Therefore, to have better employee commitment towards their work and organisation, EE came 
into the picture. Organisations become aware that when employees are given important role in 
the organisation in terms of the job, their loyalty towards the organisation tend to increase as 
well their performance and satisfaction. When the staffs in an organisation feel a connection with 
the organisation, they will strive to give their best for the organisation. EE has developed as a 
means for companies to measure their investment in human resource; which serves as a further 
alternative to measure the commitment of staffs towards the company and for creating an 
effective workplace (Echols 2005). 
 
Green Human Resource Management (GHRM) 
Over the years, there has been many improvements done towards Human Resource 
Management (HRM) and nowadays there is a need for going beyond HRM (Kramar, 2014; 
Sharma, 2016). Many researchers have started exploring the new approach towards a more 
sustainable HRM (Kramar, 2014; Rajiani, Musa, & Hardjono, 2016).   
The focus of HRM has shifted from just focusing on economic growth and employees’ current 
needs to protecting the natural environment as a whole for the benefits of current and as well as 
future generations (Kanwal, 2016; Wagner, 2013). Due to this shift, the term HRM has evolved 
to GHRM. This approach looks for the connection between HRM and sustainability. The focus 
of GHRM is basically to promote sustainable actions by creating an awareness among employees 
and also by building their commitment towards sustainability (Prasad, 2013; Sharma, 2016). 
The GHRM development does not only include the awareness of environmental concern such 
as waste reduction however, it includes the degree of improvement in the economic and social 
well-being of the individuals along with organisations (Obaid & Alias, 2015). GHRM 
encompasses all those activities, practices and behaviour of the organisation which are directed 
towards maintaining ecological balance while carrying out various activities in human resource 
processes such as training and development, recruitment, performance appraisal and 
compensation. GHRM has emerged as a crucial area of management which can have profound 
impact on people working in the organisation towards addressing environmental issues 
(Khurshid & Darzi, 2016). 
Based on the research conducted by Obaid & Alias (2015), GHRM activities such as green 
recruiting, green training and green development are important in creating and retaining a 
sustainable environment performance. In the long run, it will also improve the organisations 
performance and reputation as people become more aware of the organisations green initiatives. 
Going green should be in everybody’s mind and actions. This includes an individual as well as 
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up to a whole organisation. Everybody should be responsible to create a sustainable environment 
for the future generations (Smith, 2007; Vyas, 2016).  
Organisations which are involve in human resource practices that are environmentally friendly 
tend to have better employee engagement and retention (Opatha & Arulrajah, 2014). This is 
also supported by Sharmin (2015), green HRM involves undertaking environment friendly 
initiatives which in turn results in greater efficiency, lower costs, and better employee 
engagement and retention. This act can also help the organisation to reduce its carbon footprints 
and provide safer environment to the future generations. However, green HRM begins with the 
use of HRM policies to encourage the sustainable use of resources within organisations and as 
well as to promote the cause of environmentalism which further increases employee morale and 
satisfaction (Ismail & Hassan, 2020).  Satisfied employees tend to be more engaged (Harter, 
Schmidt, & Hayes, 2002). 
 
GHRM Practices 
GHRM practices refer to the real GHRM programs, processes and techniques that actually get 
executed in the organisations in order to reduce negative environmental impacts or increase 
positive environmental impacts of the organisations (Arulrajah, Opatha, & Nawaratne, 2015). 
These initiatives include the use of telephonic interview, communication via email which 
provides better efficiencies and lesser operating cost (Opatha & Arulrajah, 2014).  Discovering 
and analysing about GHRM practices that are being practiced and are to be practiced by the 
business and other firms will be able to contribute significantly to the human resource 
management field academically and practically (Arulrajah et al., 2015). Moreover, it is able to 
make people of the organisation green for the benefit of the individual, society, natural 
environment, and the business as a whole (Opatha & Arulrajah, 2014). 
 
Green Recruitment 
Green recruitment refers to the overall process of attracting, short listing, selecting and 
appointing suitable candidates for a job via the paperless method. For example, this includes 
posting job advertisements online (Vyas, 2016).  Ahmad, (2015) defines green recruitment as 
the process of hiring individuals with knowledge, skills, approaches, and behaviours that identify 
with environmental management systems within an organisation.  
In the “war for talent”, it has become a key human resource challenge for attracting high-quality 
staff (Renwick et al., 2013). Companies nowadays are starting to recognise the fact that gaining 
a reputation as a green employer is an effective way to attract new talent (Vyas, 2016). Based 
on the Survey data in the United Kingdom, it shows one of the criteria that ambitious graduates 
look for when they would want to decide on their job application is the environmental 
performance and reputation of the organisation ( Renwick, Redman, & Maguire, 2008). As 
stated by Mandip (2012), the CIPD (Chartered Institute of Personnel and Development) survey 
of 1,000 respondents shows that 47% of HR professionals believe that employees would prefer 
working for organisations that consume a strong green approach. However, 46% asserting that 
having one would actually aid in attracting potential employees. Similarly, Ismail & Hassan, 
(2020) stated that nowadays,  more millennials would like to be hired by organisations which 
practices environmental management. Pursuing to this current trend, successful organisations 
want to retain their employees who are engaged in their work, have high level of energy and 
dedicated. Being able to attract and retain the right people serves as the basis of an organisation’s 
success.  
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Green Selection 
In terms of selection, organisations who implements “green selection” seeks for candidates who 
have interest in the well-being of the environment and who are environmentally concern. This 
becomes their main selection criteria. This is reflected in the questions the organisations ask 
during interviews or during the evaluation process for selecting the best candidate; they tend to 
ask environmental-related questions (Arulrajah et al., 2015). This is also supported by 
Margaretha & Saragih, (2013), stating that the interview questions should be tailored to point 
out the company's green goals. Companies use a number of techniques to hire the most 
appropriate employee for their company to help them to be able to perform successfully. The 
employee selection stage is vital to make sure that the selected candidate is committed to the 
organisation. This can be done by providing  the candidate with information about the job  (Gill, 
2007). According to Arulrajah et al., (2015), green selection involves selecting a candidate with 
the interest of protecting the environment. 
 
Green Training and Development 
Employers need to understand that the training and development they extend to all their 
employees – and especially to their more talented ones – will not only make them being abler 
and more valuable to the company, but will also act as a powerful incentive for them to stay 
(Woodruffe, 2006). Arulrajah et al., (2015) suggests that providing environmental training to 
the company’s managers and employees who are non-managerial members in order to create 
the required skills and knowledge is a crucial function of GHRM. Green training includes 
providing online courses to improve employees’ skills and to enhance employee development 
without endangering the environment. These green activities help to preserve the natural 
environment (Vyas, 2016).  Training and development is an important variable to take into 
account while considering the process of engaging workers. This is because it aids the workers 
to be able to focus more towards their work. The study conducted by Anitha, (2014) reported 
training as well as career development as one of the main sources for organisations to create a 
pool of engaged employees. Employees from lower and middle managerial levels from “small-
scale companies” has been selected for the study. A sum of 383 valid responses were obtained. 
Based on the findings, it shows that training and development affect EE. Similarly, the findings 
of the research carried out by Uraon (2018), indicate that HR development practices have a 
positive influence on employees’ intention to remain in an organisation as well as being 
committed to the organisation. This is also supported by June (2011); training and development 
is an important variable to take into account while considering the process of keeping workers 
engaged. This is because it aids to solve problems faced by SMEs such as low productivity due 
to lack of right skills. 
 
Green Performance Management 
Performance management refers to the process by which employees in an organisation are 
impelled to enhance their professional skills that can help to achieve the overall organisational 
goals and objectives in an improved way. With the environmental management affecting global 
business strategy, performance management is also being influenced by the green wave in a 
positive way. Green performance management consists of issues related to environmental 
concerns and policies of the company (Ahmad, 2015). Measuring employee green performance 
of job is one of the key functions in GHRM. Without this practice any organisation cannot ensure 
the realistic environmental performance (firm level) in long term basis (Arulrajah et al., 2015). 
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Based on the concept of “performance management”, it is believed that an organisation’s 
commitment is dependent on employees’ performance management (Asamany & Shaorong, 
2017). This is proven in the study that has been conducted on 180 employees (staffs and 
management) of thirty-eight SMEs located in the Greater Accra region of Ghana. The findings 
of the study state that the performance management system has influence on organisational 
commitment (Asamany & Shaorong, 2017). Besides, contributing to organisational 
commitment, according to Mone, Eisinger, Guggenheim, Price, & Stine (2011), “it appears that 
performance management may be used to increase the levels of employee engagement”.  
Similarly,  Mokaya & Kipyegon (2014) mentioned that a strong performance management 
system is able to hold attention of top performing employees to reduce the turnover rate. 
 
Green Compensation and Benefits 
One of the major part of human resource management is compensation and benefits. This is 
where employees get rewarded for their performance. It is also a powerful technique for linking 
together an employee’s interest to the interest of the organisation. Compensation and benefits 
play an important role in motivating employees to perform well in their work and in achieving 
organisational goals (Ahmad, 2015).  
Organisations can practice green compensation and benefits in two ways; monetary and non-
monetary. This green compensation and benefits serve as a significant function of GHRM. The 
sustainability of the firms’ environmental performance is highly reliant on the green 
compensation and benefits management practices of the firms. In the aim to motivate managers 
and non-managerial employees on corporate environmental management initiatives, green 
compensation and benefits management has major contributions (Arulrajah et al., 2015). 
Compensation and benefits are a crucial element to EE that can motivate workers to attain more 
and therefore concentrate better on their job and self-development. After conducting a study 
on employees (lower and middle managerial levels) from “small-scale companies”, Anitha 
(2014) concluded that compensation contributes to EE. 
 
Transformational Leadership 
For an organisation to be responsible to the people and the environment begins with 
understanding top leaders’ or managers’ traits, values, and characteristics. This reflects the 
choices taken for the organisation and the practices within the organisation (Jones Christensen, 
Mackey, & Whetten, 2014). Effective leaders tend to be different in beliefs, values and 
personalities. They have their own strengths and weaknesses. Nevertheless, they all have one 
thing in common; it is the ability to do the right things at the right time. Their contributions are 
vital in the long term development of the institution and people to enable them to adapt change 
and grow (Green & McCann, 2011). Previous studies show that transformational leadership is 
able to influence employee engagement. For example,  Tims et al, (2011) stated that daily 
transformational leadership is related positively to employees' daily engagement.  Echoing this, 
Amor (2020) noted that “ transformational leadership is related positively to work engagement.  
Past researchers have also supported that an employee who receives support, inspiration and 
quality coaching from their supervisor, is more likely to become highly engaged with the job 
tasks (Tims et al., 2011).  
Transformational leadership indirectly affects others’ behaviour especially when leaders share 
values with their followers, convince followers that they can achieve the targets which they 
thought they are unable to achieve, help employees think in new and innovative ways and as well 
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as to establish a relationship through which they can exert an influence on certain behaviours 
(Jones Christensen et al., 2014).  In addition to this, transformational leadership includes 
forming a vision and communicating it to their followers. In this communication process, human 
resource management plays a vital role between the leader and their followers. Therefore, in 
order to make the vision a reality, leaders have to rely on human resource management (Loshali 
& Krishnan, 2013). (Burns, 1979, p. 21) cited in (Ghadi, 2017) defines transformational 
leadership as “the process through which leaders and followers help each other to advance to a 
higher level of morality and motivation”.  This research recommends that transformational 
leadership plays a moderating role between GHRM practices “recruitment, selection, training 
and development, compensation, and performance management” as well as EE. In this study, 
several lines of argument support the expectation of a positive relationship. Jia, Liu, Chin, & Hu 
(2018) applied transformational leadership in their research to influence green HRM and their 
findings prove that leaders can leverage transformational behaviours in the early stages of GHRM 
development to establish norms for cooperation. Ghafoor et al (2011) stated that when 
transformational leadership is strong it can develop employee engagement. 
 
Research Gaps 
 Most of the previous studies on EE explored the construct of EE which includes identifying and 
understanding the meaning of EE (Desai et al., 2010; Johnson, 1939; Meyer & Gagne, 2008). 
Apart from that, there were researches who carried out their research on the antecedents and 
consequences of EE (Burke, Koyuncu, & Fiksenbaum, 2013; Ram, 2011; Rasheed & Khan, 
2013; Rich et al., 2010; Saks, 2006). For example, in the research conducted by Saks (2006), 
“job characteristics, perceived organisational support, perceived supervisor support, rewards 
and recognition, procedural justice and distributive justice has been identified as the antecedents 
of EE; on the other hand, job satisfaction, organisational commitment, intention to quit and 
organisational citizenship behaviour has been identified as the consequences of EE”. 
There were researches that has been conducted on the factors or the drivers of EE (Castellano, 
2009; Robinson, Perryman, & Hayday, 2004; Sundaray, 2011). In the study conducted by 
Johari, Adnan, Yean, KiranaYahya, & Isa (2013), they examined EE through HR practices in 
manufacturing companies in Malaysia. Based on their findings, it is stated that monetary and 
non-monetary recognition as well as fringe benefits on EE has a significant and positive impact. 
Anitha (2014), included “work environment, leadership, team and co-worker, training and 
career development, compensation, organisational policies and workplace well-being” as the 
determinants of EE. Based on her findings, all the identified elements are able to predict EE. 
Most of the previous studies on EE paid less focus on GHRM.  Existing GHRM literature focuses 
mainly on western, however, based on the importance of environmental management in the 
development of Asian economy, this is a key gap to be identified by future researchers (Ahmad, 
2015). GHRM can play an essential role in making organisations environment friendly. 
Organisations which address green concerns and take green initiatives are likely to experience 
competitive advantage in the form of improvised company and brand image. Organisations that 
are green conscious will be viewed as a responsible entity in the market (Khurshid & Darzi, 
2016).  
Nevertheless, researchers up to date has tried to look into few areas related to green such as 
green marketing (Arminda, 2009; Kirchoff, Koch, & Nichols, 2011), green supply chain (Hsu 
& Tan, 2012; Zhu & Sarkis, 2000), green system (Road & Kingdom, 2013) and green finance 
(Abdur, 2012; Ooi, 2017). However, less attention has been paid to GHRM and its concept and 
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practices remains unclear (Renwick, Redman, & Maguire, 2013). Especially on the influence of 
GHRM towards EE. 
Hence, the practices under GHRM is worth to be explored (Jackson, Renwick, Jabbour, & 
Muller-Camen, 2011). Thus, this study is conducted to identify the major GHRM practices 
which actually have the impact towards employees’ engagement. 

 
 

RESEARCH FRAMEWORK   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Research Framework 
 

The above framework has been developed based on intensive literature reviews, incorporating 
all possible factors which are believed to be highly relevant to the success of improving employee 
engagement in SMEs in Malaysia. The framework consists of three important categories of 
variables. They are the “dependent variable”, “independent variables” as well as “moderating 
variable”. The dependent variable in this study is Employee Engagement. The independent 
variables consist of five important HRM practices that could contribute and affect EE. These 
variables are known as “green recruitment”, “green selection”, “green training and 
development”, “green performance management” and “green compensation and benefits”. 
Lastly, the moderating variable consists of transformational leadership.  
With reference to figure 2, this research study puts forward different types of existing theories 
on examining employee engagement among employees in SMEs in Malaysia. The dependent 
variable “employee engagement” is derived from self-determination theory. The independent 
variables are selected from AMO theory and the moderating variable has been selected from 
social exchange theory. The primary intention of this research is to make a contribution to 
increase EE in SMEs by investigating the selected variables from the theory that emerged from 
the literature.  
Self-determination theory research has constantly revealed that individuals who are ‘‘engaged’’ 
in what they are doing also tend to experience greater psychological and physical well-being 
compared to those who are lack of personal control. The well-being of employees is significant 
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and tend to bring benefits for organisation as whole. For example, lower absenteeism and 
reduced costs of health insurance.  
Five GHRM practices has been chosen for this study as the independent variables by using 
“Ability-Motivation-Opportunity (AMO) theory”. This theory remains as the most regularly 
applied conceptualisations of the influence of HRM practices on organisational performance in 
empirical studies (Renwick et al., 2013). Based on this theory, HRM works via growing 
workers’ Ability by attracting, selecting as well as by developing top performing talents. 
Followed by improving workforces’ Motivation through compensation and benefits and via 
effective management of performance. Finally, giving staffs the Opportunity to involve in 
sharing knowledge as well as problem solving activities. Based on the study conducted by 
Cheema et al (2015), “the best models of GHRM includes recruitment, selection, training and 
development, performance appraisal and compensation”. The reason these variables has been 
selected for this study is because employees’ perception of GHRM in employees’ properties 
generally enhanced their commitment to their organisations. Moreover, recruitment is one of 
HRM’s best practices that is expected to influence the performance of a firm in a positive manner 
(Cheema et al., 2015; Joong, Gon, Choi, & Phetvaroon, 2019). Anitha (2014), are among the 
researchers who linked some of the human resource practices towards EE. In the research 
conducted by Anitha (2014), training and development as well as compensation and benefits are 
among those factors that has been selected and examined for employee engagement.  
Social exchange theory is used to provide a theoretical basis for explaining the leadership style 
that has been accepted by followers and the structural empowerment might affect an individual’s 
engagement towards his or her job. This theory clarifies “social exchange as a process of 
negotiated exchanges between parties that entail reciprocity”. This is to say, when leaders and 
followers’ bond are shaped, a type of mutual commitments will be produced, for instance 
“psychological meaningfulness, safety or availability when leaders show genuine personal 
recognition or supportive leadership” (Amor, 2020). Ghafoor et al (2011) stated that EE is 
developed when transformational leadership is robust. On the other hand, Jia, Liu, Chin, & Hu 
(2018) stated that transformational leadership has influence towards GHRM. Therefore, this 
study would like to investigate if there is any moderating effect of transformational leadership 
towards GHRM and EE. 
 
 

CONCLUSION 
 

In conclusion, the findings of this study is believed to be beneficial in a ‘practical’ and 
‘theoretical’ perspective. This research is conducted in a hope that the findings of this research 
will provide a deeper understanding on the elements that would influence EE at workplace. The 
outcome of this research will be beneficial to the managers of the organisations as it will be able 
to provide them with insights on the factors which will influence employees to be engaged to 
their job and enable them to analyse critically the methods which will be most effective in 
improving the employees’ engagement and at the same time to improve the company’s 
performance. Therefore, it will be able to reduce the overall turnover rate of employees in SME 
companies. On the other hand, this research is conducted to provide exposure to organisations 
as well as their employees so that they will be more sensitive to the environmental issues. By 
implementing green human resource management practices, organisations will be able to 
protect the environment. In return, this will give them a better brand image by portraying it as 
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being socially responsible. Hence, it can attract more customers, eventually improving the 
organisation’s financial performance as well. The current understanding on what contributes to 
EE is still vague. Therefore, in terms of theoretical significance, this research wishes to fill the 
gap in terms of identifying the factors which contributes to EE by addressing the issues in 
Malaysian context and analysing the factors which influence employees’ intention to be 
committed to their job. Moreover, this research aims to help in increasing the knowledge that 
has already existed. It also helps to resolve the lack of practical research on the contributing 
factors towards EE in Malaysian SMEs, and draws important and practical conclusion. Research 
topics on EE in SMEs in Malaysia is still in its infant stage due to limited research has been carried 
out in the past. The reason this topic has limited research and empirical evidence, especially in 
Malaysia, is due to most of previous researches were focus on other factors contributing to EE 
less focused was given on green human resource practices (Arrowsmith & Parker, 2013; Freeney 
& Tiernan, 2012; Konrad, 2006; Saks, 2006; B. Shuck & Wollard, 2010; Brad Shuck, Reio, & 
Rocco, 2011; van Rooy, Whitman, Hart, & Caleo, 2011). However, this study focuses primarily 
on the influences of GHRM practices towards EE in SMEs in Melaka, Malaysia. In theoretical 
perspective, this study contributes to a deeper understanding of how GHRM practices can affect 
EE in SMEs in Malaysia. It contributes to the number researches in the management field, 
especially in terms of GHRM practices. This study may assist other researchers for further 
investigation in this area of study as not many researches have been carried out in Malaysia. In 
addition, this study also enables future researchers to make references for their work on the 
relevant topic. 
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ABSTRACT 
 
Previous research has reported that environmental knowledge plays an important role in 
enhancing general pro-environmental behaviour, as environmental knowledge appears to be the 
key indicator for increasing awareness of several pollution promulgations and other natural 
environmental issues. However, the significant role of environmental knowledge in the 
intention of households to practise solid waste segregation-at-source is not well understood. 
This research will, therefore, investigate the influence of environmental knowledge on the 
intention of households to engage in solid waste segregation-at-source. Further analysis will also 
be carried out explore the moderating effect of environmental knowledge in the relationship 
between the households’ attitude and subjective norm (i.e. descriptive norm and injunctive 
norm) with the intention to practise solid waste segregation-at-source. The findings of this 
current research are expected to provide an essential opportunity to investigate knowledge gaps, 
to contribute to the enrichment of existing literature, as well as to provide important insights 
for local households and Malaysian government agencies to strengthen the sense of responsibility 
for environmental cleanliness. 
 
Keywords: Attitude; descriptive norm; injunctive norm; environmental knowledge; 
intention; solid waste segregation-at-source.  
 
 

INTRODUCTION 
 

The amount of solid waste generated has always been seen as a global challenge [1]. Waste 
materials can be categorised according to their different properties, quality, and components. 
In Malaysia, paper, aluminium, e-waste, plastic, metal, glass, and other recyclables will be first 
sorted at the point of generation of waste. They are then collected in separate containers, which 
in turn improve the recycling rate and ensure the efficiency of disposal at household level [2]. 
Besides that, unscientific and inadequate municipal solid waste practices have led to low 
environmental quality problems in Malaysia [3-4]. The use of open ground storage or unsightly 
makeshift containers may impair the city’s beautiful image and cause visual pollution [5]. Visual 
pollution is an aesthetic concern. People who have a high esthetic value in contact with the 
environment can significantly increase the overall well-being of individuals [6] and vice versa, 
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since preferences and perceptions of the visual environment are segments of what makes the 
environment psychologically comfortable. 
Generally, as of 30th September 2019, there were 142 waste disposal sites under the 
responsibility of Malaysian local authorities, of which 19 out of 142 solid waste landfill sites were 
classified as sanitary landfill sites, 119 of which were classified as non-sanitary landfill sites, while 
the remaining 4 were classified as inert landfill sites. Surprisingly, Sarawak (43) has been 
recorded as the state with the most non-sanitary landfill sites. It was followed by Sabah (21) and 
Perak (15) but there are no municipal landfill sites in the Federal Territory of Kuala Lumpur and 
the Federal Territory of Putrajaya [7]. This current scenario thus drew the attention of local 
authorities to take serious action to solve the problems of solid waste in this country. 
This research aims to explore and fill the gap in existing literature by treating environmental 
knowledge as a moderating variable between attitude, descriptive norm, injunctive norm, and 
the intention to practise solid waste segregation-at-source. General research has reported that 
environmental knowledge plays an important role in improving environmentally friendly 
behaviour [8] among a group of people. Consumers should therefore be given the opportunity 
to gain sufficient environmental knowledge through either formal or informal education [9], as 
environmental knowledge appears to be the key indicator [10] for increasing their awareness of 
a number of pollution issues and other environmental issues [8]. However, the important role 
of environmental knowledge in the environmental impact of human industrial production is not 
well understood [11]. This specific phenomenon tends to cause most people to fail to act in an 
environmentally responsible manner [12]. This is because they are sensitive enough about the 
environmental issues that have occured around them. As a result, many households appeared to 
underestimate the extent of critical environmental problems [13]. 
Drawing from the above, the subsequent section outlines the link between the variables studied 
and the dependent variable, i.e. the intention to practise solid waste segregation-at-source based 
on the aim of this paper.  
 
 

LITERATURE REVIEW 
 
Intention to Practice Solid Waste Segregation-at-Source 
Current research has used the intention to practise solid waste segregation-at-source as a 
dependent variable. According to Charuvichaipong and Sajor [14], the intention to practise solid 
waste segregation-at-source is defined as a tendency to perform a repeat and typical action of 
separating unwanted material or matter efficiently into different elements according to their 
recycling potential systematically. More specifically, this is the term used to indicate the extent 
to which targeted respondents who are likely to carry out waste sorting activities in the required 
fractions in place of waste products before the disposal process takes place. 
In terms of pro-environmental research, taking into account trends in solid waste management 
in Malaysia, the concept of recycling and solid waste segregation-at-source has only recently 
been introduced [15]. There is therefore still a lack of useful and relevant information in this 
specific field of research, particularly in the local context. This situation can be seen from most 
of the previous research which focusses solely on recycling [16], sustainable development [1, 17-
19], and sustainable food products buying intention [20]. In addition to that, despite the 
implementation and planning of transformative recycling and solid waste segregation-at-source 
strategies, there are still many challenges to achieving the recycling and solid waste segregation-
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at-source objective in order to meet the national recycling target of 22 per cent by 2020 [15]. 
By realising scarce knowledge and research in this field, this current research provides an 
essential opportunity to explore the gaps in knowledge and its literature. 
 
The Influence of Attitude on Intention to Practice Solid Waste Segregation-at-
Source 
Generally, based on Kotler and Amstrong [21] as well as Madden, Ellen, and Ajzen [22], an 
attitude refers to the degree of unfavourable or favourable appraisal, tendency, evaluation, and 
feeling of a person with respect to an idea or object. This is due to the Rosenberg [23]’s model 
of attitude which shows that a person has a negative or positive judgement of an object or idea 
because of the perceived values that she or he attaches to certain items which, in turn, give rise 
to her or his cognitive expectations as to the ability of objects or ideas. As a result, the present 
research predicts that the perceived negative value with respect to the perception of the low 
value of a product can lead to an unfavourable attitude towards that particular product [24-26] 
or vice versa. Ideally, if a consumer feels that the value of a product is lower, he or she is likely 
to have a more unfavourable attitude towards, or generate a lower level of comfort from, that 
particular product. 
Human behavioural intention is closely linked to the level of a person’s unfavourable and 
favourable perception [27]. There is a social dilemma in Australia where there is an 
environmental attitude problem between green consumers and non-green consumers [28] with 
regard to their green purchasing intentions. According to Jauhari and Manaktola [29], most 
people in the National Capital Region of India are likely to return to housing that implements 
environmental practices due to their positive environmentally friendly experiences, including 
energy conservation, solid waste reduction-at-source, product-life extension, and pollution 
prevention. Accordingly, the present research predicts that a more favourable attitude of the 
household will lead to a higher intention to practise solid waste segregation-at-source. 
 
The Relationship between Descriptive Norm and Intention to Practice Solid 
Waste Segregation-at-Source 
The descriptive norm can be seen as a decision-making shortcut [30] or a social heuristic cue that 
functions through motivation [31] in a given context. Shealy et al. [31] further explained that 
heuristics have cognitive elements to attract the attention of decision-makers to their intended 
behaviour through the norm. Accordingly, the descriptive norm indicates which action is most 
effective and adaptive in a particular situation [32]. Usually, most people will do whatever the 
majority of the social group does, because they believe that they can be accepted and approval 
by a typical, common, and “normal” action. Accordingly, this current research predicts that the 
intention of households to perform solid waste segregation-at-source is influenced by their 
common observation of what most others practice in their homes every day. If a household 
thinks that most of its neighbours are segregating their domestic solid waste, the household is 
more likely to segregate their domestic solid waste. 
In previous environmental and social psychological research, the descriptive norm was applied 
to the examination of the intention to recycle [33-35], recycling behaviour [36], water 
conservation [37], littering [32, 38-39], saving energy [40-41], and towel reuse in a hotel setting 
[41-42]. This section therefore extends the research to provide some useful insights into the 
relationship between the descriptive norm and other similar areas of research that help 
academicians to establish a new reference point. 
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The Relationship between Injunctive Norm and Intention to Practice Solid Waste 
Segregation-at-Source 
The notion of an injunctive norm is based on extrinsic social pressure [43]. This situation is due 
to the injunctive norm, which always presents the social expectations within one’s referent 
groups or of an important individual, including “people they trust” or “other people who are 
important to them” [44]. Taken together, in the context of the present research, the researcher 
can conceptualise the injunctive norm as one of the extrinsic normative factors commonly 
disapproval or approval for the intention to practise solid waste segregation-at-source among 
the local households. 
Unfortunately, in Czajkowski, Zagorska, and Hanley [45]’s field experiment, they argued that 
the injunctive norm does not have an impact on the recycling behavioural intention in the 
Netherlands. Interestingly, Neighbors, O'Connor, Lewis, Chawla, Lee, and Fossos [46] are in 
the same vein as Czajkowski et al. [45]. In their research on alcohol consumption among 811 
American college students, it was shown that the injunctive norm with alcohol drinking 
behaviour was insignificant. The current researcher therefore predicts that the injunctive norm 
is a complex concept and that these complexities therefore warrant important and significant 
consideration in the development of intervention strategies for other socially prohibited 
behaviours, including, loitering around the city at night, cheating on examinations, stealing from 
shops, ignoring parental prohibitions, getting drunk, and smoking marijuana. 
 
The Relationship between Environmental Knowledge and Intention to Practice 
Solid Waste Segregation-at-Source 
The current researcher obtains several definitions of environmental knowledge from previous 
literature published in recent years. For example, Berkes, Folke, and Colding [47] have defined 
the general environmental knowledge as the cumulative body of a person’s knowledge of the 
independence between the natural environment and human society. This conceptualisation is 
similar to that of Fryxell and Lo [48], which interpreted the phrase “environmental knowledge” 
as a type of general knowledge that focusses on the relationship, fact, and concept of the natural 
environment and the ecosystem. Mostafa [49] further argued that environmental knowledge also 
includes people’s understanding of key relationships that could have consequences for the 
natural environment. Accordingly, Zsoka, Szerenyi, Szechy, and Kocsis [50] urged people to 
achieve a certain level of awareness and knowledge on various environmental issues so that 
possible solutions can be taken immediately to address these current environmental issues and 
avoid potential future ones [51-53]. 
Environmental knowledge is one of the psychological factors that has been widely used in 
existing literature to determine pro-environmental behaviour [54]. However, the explanatory 
link between environmental knowledge and pro-environmental behaviour has been questioned 
in the previous literature [13, 55]. More specifically, the link between environmental knowledge 
and ecological behaviour has been shown to be significant but relatively weak [56]. Due to the 
circumstances, Paco and Lavrador [57] explained that the increase in knowledge, which merely 
emphasises the pro-environmental domain, has not always been successfully translated into 
actual pro-environmental behaviour [58-59], although a large amount of environmental 
knowledge has increased dramatically over the last decades. As a result, the present researcher 
suggests that while improving the knowledge of the individual is crucial to increasing the concern 
for environmental destruction and, in turn, to get to know what actions can be taken to minimise 
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these consequences, it is much better to let them realise the importance of the natural 
environment and, subsequently, to engage actively in the conservation and preservation of the 
environment. 
 
The Moderating Effect of Environmental Knowledge on the Relationship between 
Attitude and Intention to Practice Solid Waste Segregation-at-Source 
To date, there is no existing research that can be verified between attitude, environmental 
knowledge, and the intention to practise solid waste segregation-at-source. However, positive 
relationships between these key variables have been successfully recognised in various fields of 
research [60-63].  
In terms of transport mode choices, Flamm [60] looked at the relationship between attitude and 
environmental knowledge on vehicle ownership and use among 4000 households in Sacramento, 
which is located in the California metropolitan area. This research has shown that environmental 
knowledge plays a significant role in shaping the positive environmental attitude of households, 
which in turn tends to influence their ownership of fuel-efficient vehicles. For example, people 
with high environmental knowledge of climate change may change their attitudes which, in turn, 
change their vehicle buying behaviour by purchasing a low emission private car or reducing their 
car usage in daily routine [64] and therefore consuming less petrol as a non-renewable energy. 
Meanwhile, another group of researchers [65-66] stressed that households need to understand 
the causes and consequences of greenhouse gas emissions in order to make them more enjoyable 
and positive about changing their consumption behaviour towards sustainability, particularly in 
high-income countries, including Australia, North America, and Europe [67]. Furthermore, 
with regard to the education and delivery of relevant pro-environmental messages to citizens, 
Liao [68] carried out a cabin safety education programme for primary school students in Taiwan, 
which aimed to reveal the 616 students’ attitude, knowledge as well as behavioural intention 
with regards to the cabin safety were positively and significantly enhanced after receiving the 
relevant safety education. As a result, the current researcher assumes that increasing 
environmental knowledge will help shape the favourable attitude and enhance the intention of 
households to practise solid waste segregation-at-source.  
 
The Moderating Effect of Environmental Knowledge on the Relationship between 
Descriptive Norm and Intention to Practice Solid Waste Segregation-at-Source 
Here is the same concern as in the previous section. To the best of the researcher’s knowledge, 
there is no existing literature that focusses primarily on how environmental knowledge 
influences the descriptive norm towards the intention to practise solid waste segregation-at-
source. It remains unclear, therefore, whether the descriptive norm towards environmental 
knowledge is related to Selangor households’ intention to practise solid waste segregation-at-
source. This current research was thus intended to explore this unknown idea by discovering 
the interrelationships between the variables studied. 
It is interesting to note that there is a common assumption that the majority of people are not 
willing to be consciously frustrated about the natural environment and therefore to take 
intentional pro-environmentally action [69-70]. As such, Frick et al. [56] argued that 
environmental knowledge was commonly emphasised as a prerequisite for volitional action. This 
situation shows that, although environmental knowledge has somehow been perceived as a 
necessary factor, it is simply not enough to influence a group of people to act in a pro-
environmental manner [13]. 
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Meanwhile, past empirical research has shown that the descriptive norm has a significant 
influence on people’s important referents to conduct “appropriate” behaviour within a specific 
environmental [43]. It also perceived the importance of nature-based environmental education, 
which involves the learning process of environmental knowledge with the introduction of an 
intrinsic factor, namely descriptive norm, to act as a holistic method to enhance the ecological 
behaviour of the nation [59]. Accordingly, the present researcher takes this idea further, 
suggesting that the moderating effect of environmental knowledge has a significant and positive 
impact on the relationship between the descriptive norm and the intention to practise solid waste 
segregation-at-source. 
 
The Moderating Effect of Environmental Knowledge on the Relationship between 
Injunctive Norm and Intention to Practice Solid Waste Segregation-at-Source 
Environmental knowledge is theorised to have both an indirect and a direct effect on the general 
pro-environmental behaviourof the respondents [71-73]. Previous researchers in the field of 
environmental psychology have urged future research to focus on specific pro-environmental 
activities instead of aggregated variables to predict individuals’ general eco-friendly behaviours 
[74-75]. Unfortunately, the role of environmental knowledge as a moderator on the link 
between the injunctive norm and the intention to practise solid waste segregation-at-source has 
not yet been discussed in any previous research. As a result, this current research projected to 
broaden the researchers’ understanding of the specific interrelationships between these studied 
variables. 
The essence of environmental knowledge relies heavily on nature-based environmental 
education provided by institutions that emphasise the introduction of environmental knowledge 
in respect of the ecosystem, fauna, and flora through a physical link with the environmental [59]. 
Furthermore, the present researcher assumes that the generalisation of environmental 
knowledge within the local community is a prerequisite for ensuring that certain pro-
environmental policies are accepted and effectively implemented. The participation rate among 
the local community is vital to be considered in the context of national environmental 
management and policy [76]. This situation highlights the importance of sharing relevant 
environmental knowledge among members of the local community in order to provide broad 
support for public decisions [77]. Following this line of reasoning, in order to gain a sense of 
belonging and avoid sanctions, the local community will see the commonly practised behaviour 
as a socially approved decision, as it produces a certain amount of social pressure recognised by 
the other members of the community. Accordingly, in the context of this current research, the 
present research suggests that effective and appropriate communication tools should be 
developed to convey relevant messages to encourage residents to perform the solid waste 
segregation-at-source and to catalyse their concerns about the importance of protecting the finite 
natural environment. 
 

 
CONCLUSIONS 

 
This current research was designed to further exploring the interrelationships between attitude, 
descriptive norm, injunctive norm, environmental knowledge, and the intention to practise 
solid waste segregation-at-source. The availability of existing literature of the studied variables 
in the context of current research scope are limited and rare. Hence, the present research 
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provides a significant platform to investigate knowledge gaps which in turn to contribute to the 
enrichment of existing literature. As a result, the present research is expected to provide 
important insights for general interests, including local households and Malaysian government 
agencies to strengthen the sense of responsibility for environmental cleanliness. 
This current research could develop a medium for households to learn more about the policy of 
solid waste segregation by receiving relative information through this research. It is very 
important that the citizen is empowered be a knowledgeable citizen, especially with regard to 
the correct and systematic handling and management of their daily domestic solid waste [78]. 
The researcher expects that they will therefore be able to further improve their capabilities, 
which, in turn, will enable them to protect the natural environment for the sake of current and 
future generations. 
Last but not least, current research could be valuable for Malaysian governmental agencies to 
develop a favourable policy implementation framework to address recent solid waste issues in 
the country. The current researcher expects respondents to feel motivated to cultivate their 
intention to practise solid waste segregation-at-source if they are given some gifts and rewards. 
As a result, current research could provide guidance to the relevant Malaysian governmental 
bodies, in particular the National Solid Waste Management Department, Solid Waste 
Management and Public Cleansing Corporation, Malaysian Ministry of Energy, Science, 
Technology, Environment and Climate Change, and Malaysian Ministry of Housing and Local 
Government, to consider this circumstance in their future policy implementation.  
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